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TESTS OF CEMENT AND CLAY DRAIN TILE AND 

SEWER PIPE 

1 

CHAPTER I 
THE PRESENT SITUATION 

Article 1. Importance of the Subject. Tile drainage is 
of very great importance in Iowa. The state is far in the lead 
of any other in the union in the amount of drain tile manufac- 
tured. More are said to be made at Mason City than at any 
other place in the world. The value of Iowa 's annual manufac- 
ture of clay drain tile passed the $3,000,000 mark in 1910, and 
it has been estimated by a competent authority* that the annual 
value of our cement tile output is in excess of $1,000,000. 

The tile drainage of Iowa is only fairly begun, yet the gov- 
ernor of the state, in his 1911 inaugural address, has quoted es- 
timates by county officers familiar with Iowa drainage that about 
125,000 miles of tile drains have already been constructed on 
Iowa farms, — enough to reach five times around the entire world. 

At the 1911 meeting of the Iowa State Drainage Association 
a committee presented statistics showing that over $15,000,000 
was being invested in public county drainage work, in only 31 
counties of north central Iowa. The same committee estimated 
that four times this amount will be required to complete the 
public drainage work in these 31 counties, and speculated that 
$450,000,000 will eventually be expended in completing the com- 
bined public and private drainage work of the entire state. 

The authors of this. bulletin do not either affirm or deny the 
correctness of the above estimates as to present mileage of tile 
drains and eventual total cost of complete drainage in Iowa, for 
no reliable data. are available which will warrant anything more 
than a mere guess. It is certain, however, that the cost will be 
very great, and much larger than is commonly realized. It is 
certain, also, that the greater amount of the enormous expendi- 
ture will be for tile drains. 

Moreover, the quality of drain tile and sewer pipe manufac- 
tured and used is of great importance throughout the entire 
country. The value of the annual output in the United States 
of clay drain tile and sewer pipe alone was $21,818,518 in 1910.** 

* Mr. Chas. E. Sims, Worthington, Minn., formerly secretary of the Interstate 
Cement Tile Manufacturers* Association. 

** Mineral Resources of the United States, Vol. II, 1910. 
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The output of cement pipe would increase this sum very mate- 
rially, and when we adtl the cost of labor and materials to that 
of pipe, it seems probable that at least $75,000,000 are being spent 
annually in the United States ini the construction of sewers and 
drains. 

Article 2. New Conditions of Use and Manufacture of 

Drain Tile. In the extensive, public, county drainage work in 
Iowa, the large tile drain has been growing in favor rapidly of 
recent years, as a substitute for the objectionable open ditch. 
Literally millions of dollars are being spent on these great tile 
drains, of 15 to 44 inches in diameter. This construction of such 
large tile drains is a new development in drainage work. 

The extensive use of cement tile for both large and small drains 
is another new development in drainage. Since 1905, tli^e use 
of this new material has grown from nothing to more than 
$1,000,000 worth, annually, in Iowa alone. 

In Iowa especially, then, and extensively in other states, we 
have a new and unprecedented condition as to tile drainage. 

First, in the case of cement tile, we have for both large and 




Fig. 2. Tlie Construction of a 36 Inch Tile Drain in Boone Comity, Iowa. 
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small drains, a very extensive use of a material which has never 
been extensively tried out before for this exact purpose. 

Soconid^ m the case both of cement and of clay tile, we have, 
for drains of 15 to 44 inches diameter, the extensive use of tile 
in sizes so unpi'ecedently large that the tile have never before 
been tried out under actual field conditions of use, to determine 
by experience the strength necessary to sustain the loads to which 
they must be subjected in the ditch. 

Under these circumstances, a very unsatisfactory and even 
dangerous condition has arisen in our drainage work. 

Article 3. The Present Situation as to Standards for 
Drain Tile g,nd Sewer Pipe. The manufacture and use of 
tile and sewer pipe are of very great pecuniary importance, 
as shown in Art. 1, above. Moreover, the failure of agricultural 
drains may ruin the farmer's crops, and the failure of a sewer 
may endanger the health of a neighborhood. 

Considering the importance of the subject, and^ remembering 
that sewer pipe of fairly large diameters have been in extensive 
use for generations, it would certainly seem that standard meth- 
ods for testing sewer pipe and drain tile should have been adopt- 
ed and brought into general use long since. 

Until now, however, there have been no standard methods for 
testing drain tile and sewer pipe. Engineers and inspectors 
simply give the pipe an external examination, and, where there 
are no serious defects visible, try to determine by intuition 
whether they will carry safely the loads which must rest upon 
them. In many cases rejected pipe have been proven by tests 
to be stronger and better than accepted pipe from the same lot. 
In many cases, the sincerest efforts of both manufacturers and 
engineers have failed to exclude pipe which afterwards cracked 
in the ditch. 

There has heretofore, moreover, been no way to determine 
what weights of ditch fiUing the pipe must carry in actual use. 

It is full time to develop a correct method for calculating the 
actual loads on pipe in ditches; to develop and generally adopt 
a standard method for testing drain tile and sewer pipe; to 
adopt fair and adequate standard specifications for the quality 
of drain tile and sewer pipe, as indicated by standard tests ; and, 
finally, to subject drain tile and sewer pipe to tests as generally, 
and as faithfully as is now practiced with steel, paving brick, 
and cement. 



CHAPTER II 
FAILURES OF DRAIN TILE AND SEWER PIPE 



Article 4. Recent Failures of Tile Drains. Owing to the 
recent extensive use of drain tile so large that past experience 
has not yet furnished proper precedents, many serious cases have 
recently occurred in Iowa of failure of large drain tile by crack- 
ing in the ditches. We are receiving frequent reports of new 
instances, and believe the situation serious. 

Two general classes of failure have been reported to us: 
First, cases of cracking which develop during construction ; sec- 
ond, cases in which drain tile supposed to be all right are found 
to be cracked after a considerable time has elapsed since con- 
struction. 

Cases of crmcking during construction. There are many of 

these. Frequently the cracked pipe 
are removed, and by special care in in- 
specting and laying the pipe the drains 
are completed, but with the pipe prob- 
ably loaded nearly to the cracking 
point. In other cases completion is 
found impracticable with the pipe 
originally furnished. 

I^^igs. 3 and 4 show the conditions 
^•5^ in two typical cases of cracking of 
« SJ large drain tile during construction. 

Pig. 3 is especially typical of many 
other cases of which we have learned, 
and for that reason we shall give in 
full the letter of Mr. F. 0. Nelson, 
drainage engineer, Estherville, Iowa, 
who reported the case to' us. Writing 
under date of February 18, 1911, Mr. 
Nelson says : 

''Many of the tile, from 24 inches to 28 
inches in diameter, being laid in Drainage 
District No. 40 of Emmet Count j, have 
broken under the weight of earth in the 
ditches. The breaks have occurred under a 
variety of conditions, as regards the quality 
and age of the tile, the depth of fill over 
them, the kind of soil in which they were 
laid, and the manner in which it was placed 




Fig. 
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about them. The manner in which they broke also varied somewhat, but 
usually there were four nearly straight breaks the length of the tile. The 
top and bottom cracks, opening inward, were plainly seen, but the break on 
each side, opening outward, was not so easily observed. Sometimes the 
breaks were diagonal, or irregularly formed, as though they had followed 
lines of weakness. 

' ' The tile did not go clear down, as they wedged or arched over, although 
some of them looked very unstable in that position, and I expect them to go 
clear down when they are subjected to floods. 

"As to the quality of the tile, somo, of them must be classed as very poor, 
especially where the first breakage was found, but others would usually be ac- 
cepted as excellent tile. In some of those which broke, the concrete was strong 
enough to break the hard stone found in it. The thickness of walls was 
approximately one-twelfth of the diameter of the tile. The age of the tile 
also varied, some being rather green. A good share of them were a month 
old and over, so that it seemed reasonable to expect them to bear a load. 
Some tests indicated that their strength was much increased, and perhaps 
sufficient, when they had been left in the moist or wet ditch for some 
weeks before loading.* 

*'The depth of filling over the tile varied from one to seven feet. Many 
of them, on a line where the quality was poor, broke under about three feet 
of filling, some of them in very soft earth at that. Many broke even after 
being carefully selected, and the earth packed about them. 

"Some tile were tested while lying by the ditch on dry ground, by plac- 
ing a plank across them and having a number of men stand on it. They 
held up more weight in that manner than was over the broken ones in the 
ditch. This made it look as though they were much weaker when wet, and 
it was also apparent that the tile which broke down absorbed the most 
water; or it might be stated the other way, that the tile which absorbed 
the most water were the ones which broke down. 

"It was all along noticeable that the tile which had been made the 
wettest were the strongest. 

"Large tile for this district were made at two different factories, and 
tile from both were among the failures. 

"Some large tile made at other factories and used in an adjoining county 
were examined, and similar breakage found. This was among some thicker 
walled tile, too. 

' ' Two lines of tweuty-f our inch clay tile examined also showed some 
broken tile. 

' ' The deepest fill under which observations were made was about eight feet. 

"Some twenty-six inch tile placed in deep cut broke when the ditch was 
partly filled. They were re-laid and bedded with concrete to about half 
way up the sides of the tile. Bedding carefully with earth did not seem 
to answer. 

"No breakage of smaller tile due to the weight of the fill on them has 
been observed, but while inspecting tile from various factories for various 
districts a percentage of weak tile has been found to be quite general. 

"On some branches of twelve inch tile, at least fairly well aged, it was 
noticed that some of them became wet all around after laying, though there 
was but an inch or so of water in the ditches. In walking over these it 
was found that the wet ones could be easily broken by a jar from the boot 
heel. This could not be done with the dry ones in the same ditch. It might 
be well to add here that all weak tile so found were broken in and re- 
placed.'* 

* NOTE. — ^Under date of March 1, 1912, Mr. Nelson reports fnrther on this point 
as follows: "In regard to those tile examinations made in three places in the sum- 
mer of 1910, they wRre re-examined in the spring of 1911, and the tile were found 
broken in all cases. Examination of another part of the ditch where it was partly 
filled also showed that the breaking down was continued for a long time after th§ 
filling had been done.*' 
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Fig. 4 shows the conditions in the noted case of failure of 36 
inch diameter tile in Drainage District No. 29, Sac County, Iowa. 

It has been prepared from in- 



Some of ihe yi/r/f/ed c/ay 

H/e ho\re croc/^ed under 
i/ie /O-^^depfh off///. 
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Fig. 4. Cracking of 36 Inch Ce- 
ment and Vitrified Clay Drain Tile 
during Construction, in Drainage Dis- 
trict No. 29, Sac County, Iowa. 



formation supplied by Prof. 
H. W. Gray, of. Ames, Iowa. 
Mr. F. M. Okey, now Chief 
Engineer of the Cement Gun 
Co., Chicago, 111., and Mr. 
Geo. K. McCullough, County 
Engineer, Storm Lake, Iowa., 
all of whom were employed 
by the county or by the con- 
tractor to report on the fail- 
ure as engineering experts. 

In this case the cement tile 
at first supplied were aban- 
doned and the drain was 
completed with heavy, vitri- 
fied clay pipe, imported from 
without the state. Only 
seven lengths of these cracked 
during the course of con- 
struction, but after the lapse 
of a year it is reported that 
31 lengths out of 200 exam- 
ined have been found to be 
cracked under the full depth 
of fill. 

Cases of cracking which did 
not develop until a consider- 
able time after construction. 
Many engineers believe that 
if the pipe can be made to 
hold up without cracking dur- 
ing construction they will 



never crack afterwards. Some have stated to the authors that 
drain tile break 24 hours after being laid or not at all. 

This belief is undoubtedly incorrect, as is showoi by good evi- 
dence in many instances. 

Thus, see Mr. Nelson's statement on page 15, also note the 
cracking of the vitrified clay pipe in Drainage District No. 29, 
Sac County, Iowa, as mentioned on page 16, which cracking, in 
spite of the close attention given during construction, owing to 
the failure of the first tile tried, was not discovered until the 
lapse of a year. 

The fact is that many dizain tile which are not observed to 
fail during construction, and are supposed to be all right after- 
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wards, ^^^ actually standing cracked in the ditch. This condi- 
tion ^^^^ ^^^ ^^ discovered for some time, until one collapses, or 
until a careful inspection is made for some other reason. 

Thus, a very competent and conscientious drainage engineer 
wrote ^s August 25, 1911, reporting . some failures of drain tile 
on the work of another engineer in his vicinity, but said of his 
own work : 

<<Iji the tile that I have inspected in the last four years I have not had 
a failure reported. ' ' 

;Bat under date of November 17, 1911, he wrote : 

< ( We have had another tile failure since the other, and for this one I had 
inspected all the tile carefully ... I rejected about 20% and the ones 
I let go were nice looking tile and had a good clear ring. They had a two 
inch wall (24 inch tile) and my judgment was that they were good. The 
other failure made the people suspicious, and so we dug down to them in 
the deep cut and found several cracked lengthwise into quarters." 

He goes on to say that the tile laying in this case was watched 
by an inspector all the time and that the lower quarters were 
bedded better than is common. The tile in this case had been 
laid about 3 months when the cracking was discovered. 

Not infrequently the cracking is discovered in the spring, after 
the tile have been in the ditch over winter, as in the following 
case, reported July 13, 1911, by Mr. T. B.. Martin, Drainage En- 
gineer, of Emmetsburg, Iowa: 

**The failure occurred in Drainage District IN^o. 43, Palo Alto County, 
Iowa. The pipe were cement tile, 24 inches in diameter, with 2 inch 
walls, supposed to be made of Hawkeye Portland cement and gravel, in the 
proportions 1-3. They were hand tamped, dry mixture, watered 6-8 days 
under roof. They were placed in the ditch when 2 to 3 weeks old, blinded, 
and allowed to stand thus for about 4 weeks, after which the filling was 
completed. 

**The depth of fill above the top of the pipe ranged from 2.8 ft. to 
6.6 ft., and averaged 5.4 ft. The width of the ditch was about 2.5 ft. 
at the level of the axis of the pipe, and 3 ft. at the surface of the ground. 

' * The filling material was top soil and clay in proportions from 1-1 to 1-3. 

'*The trench filling was completed last fall. After the first partial 
thaw this spring it was discovered there were not 50 out of the 1160 or 
so feet of these tile which did not show cracks from weight of filling. ^ ' 

A very interesting and instructive case of cracking of drain 
tile has been reported to us by Mr. Geo. K. McCullough, County 
Engineer, Storm Lake, Iowa. It occurred in some 16 inch clay 
tile laterals, in that same Drainage District No. 29, Sac County, 
Iowa in which occurred the noted failure of 36 inch tile already 
described. There were in all 3 lines of 16 inch tile drains in 
the district, for two of which ditches 36 inches wide were dug 
by a machine, while for the third a ditch 20 inches wide at the 
top of the pip'e was dug by hand. One of the authors visited 
the drains and found that 

''Practically all of the tile laid in the machine dug trenches were broken, 
while no broken tile had been found in the hand made trench." 
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This brings out very clearly the general principle that the 
wider the ditch, the heavier the load obj the pipe. 




Fig. 5. View of Cracked 36 Inch Drain Tile from Ditch in Drainage 
District No. 48, Boone County, Iowa. 

The serious importance of tile failure in Iowa is illustrated 
well by this particular Drainage District No. 29, Sac County, 
Iowa, in which the stability of the main outlet and of at least 
two large laterals is known to be endangered by extensive crack- 
ing of the tile. Mr. Geo. K. McCullough states that 

"The faraiers in the district have already paid out about $80,000 on a 
watershed of only about 4,000 acres.'' 

Data of all the above and of many more cases of failure of 
drain tile in ditches will be found in Table No. 1, page 24 below. 

Article 5. Failures of Sewer Pipe. Cracking in ditches is 
not confined to drain tile, but frequently occurs in sewer pipe 
as well. 

Fig. 6 shows the conditions of a very typical case, reported in 
March, 1912, by Mr. Chas. P. Chase, Consulting Engineer, of 
Clinton, Iowa. Mr. Chase says: 

''This pipe was cai=efully laid under my direction about 14 years ago, and 
taken up to be reconstructed 4 years ago. About one-half of the pipe was 
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eraeked. Cracks extended 25 to 60 feet at a stretch in continuous lines, as if 
it was one pipe. Conditions were favorable, and all pipe would be called 

good. ' ' 

Fig. 7 shows an- 
other interesting 
though not as typ- 
ical case of crack- 
ing of sewer pipe, 
reported in April, 
1911, by Mr. R. P. 
Pooley, City En- 
gineer, Charles 
City, Iowa. The 
sewer was built in 
1901, and removed 
in 1911 to lower 
the grade, the wa- 
ter pipe 
been laid 
meantime, 
mite was 
blasting 




having 

in the 
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Fig. 6. Cracking of 36 Inch Vitrified Clay 
Sewer Pipe in Ash Street Sewer, Clinton, Iowa. 



trenches for both 
the sewer and wa- 
ter pipe. About 6 
inches of earth 
were placed under 
the sewer pipe be- 
fore laying. Con^- 
siderable blasted 
rock, supposed to 
have been shoveled 
back by the pipe 
layer, was found 
double strength, and 



resting on the pipe. The 20 inch pipe was 
about 50% was found to be cracked. The 18 inch pipe was sin- 
gle strength, and most of it was found cracked. 

The width of the ditch at the level of the pipe varied from 2 to 
4^2 ft. An extremely interesting fact observed was that all of the 
pipe were found cracked where the width was 3 to 4i/^ ft., but 
only part were cracked where the width was only 2 to 2% ft. The 
filling at the sides of the pipe was found to be in a comparatively 
loose condition. This illustrates again the fact, also observed in 
Drainage District No. 29, Sac County, Iowa (see page 17) that a 
pipe of given diameter is subjected to very much heavier pres- 
sure in a wide than in a narrow ditch. 

Fig. 8 shows the conditions under which a very instructive 
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failure occurred at Gary, Ind., in 1908. All the data of this 
failure were furnished by Alvord & Burdick, Sanitary and 

Hydraulic Engineers, Chicago, 111. The sewer was constructed 
in May and June, 1907, of a good quality of 20 inch vitrified 
sewer pipe. The work was done under much difficulty, owing to 
the poor foundations, and the presence of water in large volumes, 
but care was taken to secure good results, and about 12 inches of 
muck under the sewer was excavated and replaced with sand. 
When the sewer was completed, the depth of filling was only about 
3 ft. above the top of the pipe. Immediately afterwards, how- 
ever, the Gary Sand Co. filled 10 ft. more over the entire sewer 
and vicinity, discharging the material from side dump cars on a 
track which paralleled the sewer on the east. 
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Cracking of 18 and 20 Inch Vitrified Sewer Pipe at Charles City, 



In the spring of 1908 exceptional floods subjected the entire 
sewer to a bursting pressure estimated by the engineers at 3 to 4 
pounds per sq. in. (7 to 9 ft. head of water). In March, 1908, 
the sewer collapsed in several places, and filled with sand, so that 
eventually its entire reconstruction became necessary in May 
and June, 1908. 

On examination, and removing the old sewer, 529 lengths of 
sewer pipe were found cracked, out of a total of 560. Two views 
the cracked pipe in place are shown in Fig. 9. In a few cases 
the cracked pipe had been forced apart several inches at one end 
of a length, but not at the other; and inj one or two cases the 
tops were smashed in entirely. The sewer was nearly full of 
sand, very firmly imbedded. The sewer was found to have set- 
tled somewhat, and to have been forced a few inches west by the 
pressure, which, owing to the manner of making the fill, was not 
truly vertical in this case. 
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Fig. 8. Conditions under which 20 Inch Vitrified Sewer Pipe Cracked 
in Alley 8, Gary Ind., 1908. 




Fig. 9. Two Views of Cracked 20 Inch Vitrified Sewer Pipe in Alley 8, 
Gary, Ind., 1908. 



22 



It was the opinion of Messrs. Alvord & Burdick that the sewer 
pipe were cracked' by the inclined pressure dne to the side fill 
soon after the sewer was completed, and 

''that the sewer remained in this condition for some time, maintained in 
shape by the uniform external pressure of the earth, but the exceptional 
floods in Gibson's run, in the spring of 1908, caused the entire sewer to 
withstand an internal pressure of 3 or 4 pounds per sq. in., which, in places, 
lifted the broken sections, allowing water to escape into the surrounding 
soil, and permitting the outside sand to enter in large quantities, all of 
which Anally resulted in the filling and complete clogging of the sewer.'' 

The above failure of a cracked sewer at Gary, Ind., is especially 
instructive as indicating what is likely to happen to a cracked 
tile drain or storm sewer whenever it becomes overcharged, so 
as to flow under pressure. 

Data of the above and of many additional cases of cracking 
of sewer pipe in ditches will be found in Table No. 1, page 24. 

In fact, the common presence of cracked pipe in large sewers 
has been knowoi for several years. Valuable papers on the sub- 
ject have been published by Mr. A. Potter and by Mr. J. N. 
Hazlehurst. * 

From Mr. A. Potter, Consulting Engineer, New York, N. Y. : 

* * As we have little or no published data relating to the extent of broken 
sewer pipe in constiiicted sewer systems, and there is so little known about 
it, engineers have gone on building pipe sewers under specifications which 
will, in the opinion of the writer, produce broken pipe in all of the larger 
sizes. 

**In the experience of the T\riter in replacing sewer lines which have 
outgrown their capacity, more unexplainable breakage has been discovered 
in cement sewers than in vitrified sewers. 

**Much information about broken pipe in systems throughout the country 
has come to the writer through reliable sources. ' ' 

Mr. Potter recommends bedding all pipe sewers larger than 
15 in. diameter in concrete for one-third their height. 

Prom Mr. J. N. Hazelhurst, Consulting Engineer, j\Iobile, Ala. : 

■ 

''It is unquestionably a fact that if careful investigations were made of 
pipe sewers of the larprer sizes an enormous amount of pipe would be found 
to be cracked, and it is only when a pipe is so badly broken as to collapse 
that official attention is given and reports insisted upon. 

' ' The writer is of the firm belief that under normal conditions the use 
of unprotected, vitrified clay sewer pipes should be limited to and including 
15 inch diameters; that beyond, and including 24 inch, a standard sewer 
pipe encased in a lean concrete ujj to the spring line, and then beveled off 
at 45 degrees, is good construction; that reinforced concrete pipe of 27, 30 
and 33 in. can be economically manufactured, preferably on the line of 
the works, and should be used; while 36 in. and larger sizes should be of 
brick, or continuous concrete construction, depending on soil, available ma- 
terials, and other conditions. ' ' 

The opinion of Messrs. Potter and Hazlehurst that there is a 
wide prevalence of cracked pipe sewers larger than 15 in. in 
dliameter is confirmed by the statement of M. E. Bannon, City 

"^ See the references in Table No. 1, page 25. 
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Engineer, Ft. Madison, la., who writes under date of March 4, 
1912 : 

' ^ In fact I have had occasion to open our sewers in many places, and I 
have seen but few places where the sewer pijie was not cracked or injiu'ed 
in sojiie respecf 

Article 6. Data of Failures of Drain Tile and Sewer 

pipe. We have conducted an extensive correspondence and 
made a careful search in engineering literature to collect data of 
failures of drain tile and sewer pipe in ditches. We have in- 
corporated all the records we could obtain in Table No. 1, below. 
In connection with the cracking of the 18 in. storm sewer at 
Cedar Falls, Iowa, it may be stated that the sewer was laid on 
a very flat grade, and emptied directly into a creek. The next 
spring after it was constructed it was found to contain 6 in. 
of mud, and to be cracked. 

Article 7. The Effect of Care in Bedding, Refilling and 
Tamping Upon the Cracking of Drain Tile and Sewer Pipe in 
Ditches. There is ample evidence that care in bedding the pipe 
and refilling and tamping makes a material difference in the 
weight of fill the pipe can carry before cracking, but the evi- 
dence is also amply conclusive that the effect of such care is 
much less than most people suppose, and that in numerous cases 
the utmost care has utterly failed to prevent cracking. 

Wlien cracking has occurred during construction, the very first 
thought has naturally been to attempt to overcome the difficulty 
by greater care in laying. Mr. Nelson (see page 15) states that 
''bedding carefully in earth did not seem to answer", in District 
No. 40, Emmet County. Prof. Gray reported the failure of the 
most careful bedding and tamping to prevent the ci^acking of 
the 36 in. cement tile in District No. 29, Sac County. The au- 
thors of this bulletin have personally observed the failure of 
very careful bedding, under direct supervision of the pipe man- 
ufacturer, to prevent the cracking of the pipe in Dist. No. 48, 
Boone County. 

The authors also observed in Dist. No. 48,, Boone County, 
however, that tile laid directly on a flat bottomed ditch in hard 
soil cracked under less depth of filling than when the lower 
quarter was carefully bedded in a shallow layer of granular 
soil on a shaped bottom. 

There is ample evidence that pipe laid on a hard bottom crack 
more readily than those laid on a softer soil. ^ 

Mr. Seth Dean, Drainage. Engineer, of Glen wood, Iowa, has 
reported"* that in an instance in his experience, 24 inch drain tile 
stood up in 13 ft. of quick sand, and failed in a considerably 
sliallower stretch of ordinary soil adjacent. In this case the 

See the lo^ra Engineer, Vol, XI, page 149. 
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comparatively uniform, semi-liquid pressure of the quick sand 
would furnish the probable explanation. 




Fig. 10. Photograph Showing Typical Conditions of Bedding of Drain 
Tile in Ditches. The pipe are bedded on the bottom for about 90 degrees 
of the circumference, and receive practically no side support. 

While careful ramming of the side ditch filling helps to pre- 
vent complete collapse of the pipe, yet ramming of the filling 
over the pipe may be too heavy, and may help cause cracking. 
Tlii^ is evidenced by the fact, reported bjr Messrs. J. N, Hazl^- 
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hurst and A. Potter,* that cracked sewer pipe are sometimes 
found in the shallower trenches in fully as large proportions as 
in the deeper. 

In the construction of large tile drains it is common practice 
to fill in at first only 2 to 4 ft. depth over the pipe, and to allow 
them to stand several weeks or even months in this condition. 
Some engineers believe that in this way a cohesive resistance 
may be developed which \\nll carry more of the load to the sides 
of the ditch, but any such relief seems quite precarious. How- 
ever, cement pipe, of ages commonly used, will gain materially 
in strength before receiving their full loads if this plan is fol- 
lowed. 

Article 8. The Probability and the Consequences of Collapse 
of Cracked Drain Tile and Sewer Pipe in Ditches. In view of 
the apparently extensive and widespread prevalence of cracked 
pipe, in all the larger sizes of tile drains and pipe sewers, which 
the data in Articles 4, 5 and 6 demonstrate, the important ques- 
tion at once arises : What is the probability of such pipe collaps- 
ing, and how serious will be the consequences of collapse ? 

It is undoubtedly true that a large amount of cracked tile is 
standing and has stood for years without collapsing in large tile 
drains and pipe sewers. Mr. F. A. Barbour found that in a test- 
ing machine, where 6 in. to 24 in. pipe were surrounded by care- 
fully tamped earth between walls 3 ft. apart, it was practically 
impossible to cause collapse by increase of pressure after the 
pipe cracked.** Often, as in Charles City and Clinton, Iowa, 
the fact that the pipe in drains and sewers are cracked is first 
learned when they are uncovered for other reasons. 

In all such cases the cracked pipe are held in position without 
collapsing by arch action, just as a brick sewer might stand, in 
favorable soil, even when made out of dry brick alone, without" 
any mortar. 

Both cement and clay pipe are made of very rigid and com- 
paratively brittle material. They are cracked by a very slight 
distortion,*** much less than the ready yielding of even the most 
carefully tamped ditch filling. Collapse of the pipe, however, 
requires a much more extensive sidewise yielding of the soil 
at the level of the midheight of the pipe, and if the side filling 
is fairly well packed, and especially if there is little space at 
the midheight between the outside of the pipe and the solid sides 
of the ditch, the pipe may be held pretty firmly in place even 
after it is cracked. 

This explains why, in several places where tried, it has been 
found impossible to prevent cracking of the pipe by tamping the 

* See the references in Table No. 1 above, 

** See Journal of Association of Engineering Societies, VoL 19, page 2l5; 
^ee page 157, hereinafter. 
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filling around the pipe, even with the greatest care, while at 
the same time much pipe remained in position, without collaps- 
ing, after cracked. 

Yet the stability of cracked pipe in ditches must be admitted 
to be precarious, even when not over taxed by floods, as is demon- 
strated by numerous instances where one or more cracked pipe 
have actually collapsed and caused damage and heavy expense 
for repairs, extending often to the entire reconstruction of the 
drain or sewer. 

Moreover, cracked tile drains and storm sewers are subject to 
special danger of collapse, because they are never large enough 
to provide for the most extreme and unusual floods. Hence they 
are certain to be over taxed at long intervals, and to run under 
pressure eventually. The disastrous experience at Gary, Ind. 
(see page 20), shows clearly how in such cases the pressure from 
a sudden flood may actually force even the sections of a cracked 
sewer pipe with cemented joints apart, and how in any case the 
water will escape through the joints and cracks of the pipe into 
the surrounding soil, softening it and permitting a cracked pipe 
somewhere to collapse, thus causing the drain or storm sewer to 
fill in with mud and sand. 

Article 9. General Conclusions as to Failure of Drain 
Tile and Sewer Pipe in Ditches. The facts and reasoning al- 
ready presented warrant the following general conclusions as to 
failures of drain tile and sewer pipe in ditches : 

1. There have been a large number of faihtres of drain tile 
and sewer pipe by cracking in ditches, and there is a wide 
prevalence of cracked pipe in existing sewers and drains. The 
cracking is generally confined to pipe larger than 15 in, in diam- 
eter. Engineers have not properly appreciated either the extent 
or the importance, nor have they fully understood the causes, of 
cracking of drain tile and seirer pipe in ditches, 

2, The principal cause of the cracking of the drain tile and 
sewer pipe in ditches is simply that, as at present manufactured, 
sizes larger than 15 in, in diameter are very generally too weak 
to carry the weight resting upon them from more than a few feet 
depth of ditch filling, 

'3. In very many cases it is entirely impossible to prevent 
cracking in ditches of drain tile and sewer pipe as at present man- 
ufactured by any possible reasonable amount of care in bedding 
and laying the pipe and refilling the ditches, A material dif-\ 
ference in the carrying power of the pipe, however, can be made 
by- proper care in bedding and laying, 

4. Drain tile and sewer pipe crack more readily in ditches 
taith hard bottoms than when laid on slightly yielding soils, 

5. It is reasonable, advantageous and necessary to require the 
pipe laying contractor to carefidly shape the bottom of the ditch 
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to fit the lowest 90 degrees of the pipe surface, and to carefully 
bed the pipe for this distance in sand or granular soil, so as to 
secure a firm, uniform bearing. 

6. Drain tile and sewer pipe are so rigid as to crack from such 
slight distortions, as compared ivith the yielding of the most 
solidly tamped earth filling, that it is not feasible to prevent 
cracking by tamping the iitch filling on each side of the pipe at 
the midheight. Such side tamping, however, should always be 
required, and thoroughly done, for it is of great value in pre- 
venting the collapse of pipe after they are cracked, 

7. Where the pipe are found to crack in spite of faithftd ob- 
servance of the specifications stated in 5 and 6 above, the only 
effective remedy, other than using stronger pipe, is to bed the 
pipe in concrete up to the midheight. Such concrete can be lean, 
and need not be thick if the soil is firm, but must thoroughly fill 
all spaces between the lower half of the pipe and the bottom and 
sides of the ditch, 

8. The ividth of the ditch at the level of the pipe makes a 
great difference in the weight of filling resting on the pipe, this 
weight being greater the wider the ditch. Also, the narrower 
the ditch at the midheight of the pipe, the more effective is the 
side support against the collapsing of cracked pipe. 

9. Where the ditch filling over the pipe is rammed in layers 
d'unng refilling, there is serious danger of cracking large drain 
tile and sewer pipe by using too heavy rammers and too thin 
a layer just above the pipe, 

10. While large amounts of cracked drain tile and sewer pipe 
are standing ivithout collapsing in existing drains and sewers, 
the stability of cracked pipe must be considered precarious, as 
has been demonstrated by numerous collapses, 

11: Cracked pipe are especially dangerous in tile drains and 
stoim sewers, for the reason that, in the best engineering practice^ 
it is not found practicable to make their capacity equal to the 
most exceptimial foods. Hence they are certain eventually to 
be overcharged, and to run under pressure, and the collapse of 
cracked pipe is likely to residt at such times from the softening 
of the soil by water escaping through the joints and cracks. 



CHAPTER III 
THE THEORY OF LOADS ON PIPES IN DITCHES 



Article 10. The Mathematical Theory of Loads on Pipes 
in Ditches. The typical conditions of loading on pipes in ditches 
are shown in Fig. 11. 

The side pressure of the filling materials against the sides of 




Fig. 11. Typical Conditions of Bedding and Loading of Pipe in Ditches. 

the ditch develops a frictional resistance, which helps to carry 
part of the weight. 

This frictional resistance relieves part of the vertical pressure 
near the sides of the ditch, so that at the level of the top of the 
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pipe the vertical i:)ressure of the. filling material is much heavier 
in the middle of the ditch tlian at the sides. Moreover, there is 
some arching effect at about the 45 degrees point on each side, 
and the comparatively level part of the top of the pipe is much 
more solid and unyielding than the side filling material. For 
these reasons, the ditch filling above the top of the pipe receives 
only a negligible support, in ditches of ordinary width, from the 
filling at the sides of the ditches.* Imperfections in the side 
filling and tamping add to the exactness of this principle. 

Hence the pipe must be strong enough to carry safely the en- 
tire weight of the ditch fillin,g materials above the top of the 
pipe less the friction of the filling against the sides of the ditch. 

The mathematical discussion of the calculation of the weight 
to be supported by drain tile and sewer pipe in ditches is prac- 




Fig. 12. Figure Illustrating the Matliematical Theory of Loads on Pipe 
in Ditches. 



* For an extremely wide clitcli this principle would no longer hold sufficiently correct. 
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tically the same as already publislied hy Janssen for calculating 
the pressures in grain bins. 

The following mathematical notation will be used in this dis- 
cussion : 

Let W=^total Tveight on pipe, per unit of length. 

V^the average intensity of vertical pressure at the top of pipe, per 
unit of area. 

w=:the weight of ditch filling, per unit of volume. 

B^the breadth of ditch a little below the top of iDijDe. 

H^height of ditch filling, above top of pipe. 

fi=the coefficient of internal friction. 

K^the ratio of lateral to vertical earth pressure. 

fjt.'=the coefficient of friction of ditch filling against the sides of 

the ditch. 
€^the base of Naperian logarithms. 

C^a coefficient of loads on pijDes in ditches. C=^ the average ver- 
tical jDressure per unit area in a ditch of unit width under a 
ditch filling material weighing unity per unit volume. 

NOTE .1. Corresponding units must be used throughout for all the above 
quantities. It is best to state all quantities in feet and jDounds. 

NOTE 2. K may be calculated by Rankine^s formula. 



K 



V /*" + 1 — M 

(1). 



^^^^H^^^^H 



V ^.^ + 1 + ,. 



Let Fig. 12 illustrate a section of unit length of a ditch, and 
let us consider a horizontal slice of ditch fillii^ having an in- 
finitely small height =: dH. 

By equating the vertical forces acting on this thin slice, we 



liave B (V -f dV) = BV -(- wBdH — 2Kiu.'VdH, Avhence 



dV 



VI 



2K(i'V 



B 



2Kiu.'V 
dll. By integration, log (w ) - 



B 



H 
constant — 2Kf<.' — . Since V = for H ^ 0, constant = log ^\ 

B 



2K/V H 

Hence, log (\v ) = log w — 2K/j,' — , and 

B B 
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w — 2K/*' ^ 



B 1 



1 

H 



B 



= . Whence, V =^ wB 



But W = BV, 



1 



1 



H 
,.2KAt' 



B 

Hence, W = wB-. 

Which gives a mathematical expression for the load W on pipes 
in ditches. 

NOTE.— Prof. A. N. Talbot, of the University of Illinois, has assisted 
us in developing the above mathematical discussion. 

Article 11. A Working Formula for Calculating Loads 
on Pipes in Ditches. For making actual calculations of the 
loads on pipes in ditches Ave readily derive from the above the 
convenient w<orking formula, 

W= CwB^ (2). 

In the working formula (2) the coefficient ^*C" of loads on pipes 
in ditches may be calculated by the formula : 



1 



1 



H 



g^.x^ B 



C 



2K/.' 



(3) 



NOTE. — II should be used in place of fi' in formula (3) Tvhenever yJ is 
greater than fi. • 

For actual calculations of loads on pipe in ditches the values 
of C are to be taken from Table No. 7, page 44, or Fig. No. 15. 
page 45, both of which give safe working values of C for dif- 
ferent ditch filling materials. When C is obtained in this way 
the calculations by the working formula (2) become very simple. 

It will be shown in Chapter IV, pages 65 to 88, hereafter, that 
formulas (1), (2) and (3) have been very completely tested by 
actual weighings of loads on pipes in ditches, and that it has 
in this way been fully demonstrated that reliable calculations 
can. be made with them. 
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Article 12. The Weights of Ditch Filling Materials, 

The proper weights of ditch filling materials to use in working 
formula (2) for calculating the loads on pipes in ditches must 
be determined from actual measurements. We have made a 
number of such measurements of the weights of ditch filling, 
and of soil in place, with the results shown below, in Tables 
Nos. 2 and 3. 

TABLE NO. 2 
MEASUREMENTS OF WEIGHTS OF DITCH FILLING 






m 



o 






Kind of Soil 



Condition of Soil 






A. GRAXULAB ^fATEBlALS. NOT TAMPEH OR SATURATED. 



3 iBIack Top Soil 



I Loose — ^Wet— 2 % Wafer 



60 



3 IBIack Top Soil 



Mixture of Black Top Soil and Yel- 
low Clay 



I Loose— D a mp — From 2 F t. Depth ] 75 
Loose^Wet-^i9 ."4%" mter ' 80 



3 [Yellow Clay, Slightly Sandy 
3 I Yellow Clay, Very Sandy 



Loose — ^Damp — ^From 4 Ft. Dfpth 

^ ^ ^ ^ ^^^^^~ 

Loose — -Damp — ^From 6 Ft. Depth 



1 7 



88 



Blue Clay 



Loose — ^Dry — ^From 15 Ft. Depth had 
to be Picked 



83 



1 I Sand 



Dry 



99 



1 I Sand 



I Damp — 5% Water 



92 



B. 


S ATI RATED OKANUTjAR MATERIALS. 




3 IBIack Top Soil 


1 Saturated 


lioo 


3 IBIack Top Soil 


1 Saturated, 25% Water 


108 


3 1 Yellow Clay 


J Saturated, 17% Water 


1127 


2 1 Yellow Clay 
1 jSand 


1 Saturated, 26% Water 


1145 



C. DAMP GRANULAR MATERIALS; RECENTLT DROPPED IKTO DITCHES, BUT NOT TAMPED 

OR FLOODED. See Tahle No. 11, page 71. 



1 (Yellow Clay 



I Dropped into 2 Ft. Ditch 3.0 Ft. Deep] 84 



1 (Yellow Clay 



jDroiDped 



into 2 Ft. Ditch 4.2 Ft. Deep( 86 



1 (Yellow Clay 



propped into 2 Ft. Ditch 6.2 Ft. Deep ( 85 



1 
1 

1 



[Yell ow C lay 
(Yellow Clay 



Dropped into 2 Ft. Ditch 6.8 Ft. Deep] 87 



Dropped into 2 Ft. Ditch 7.8 Ft. Deep 



Yellow Clay (Exposed to Weather 
ab out 2 ^ Mo.) __ 

Mixture of Yellow and Blue Clay, 
Mostly Yellow. Cold Weather 



Dropped into 2 Ft. Ditch 6.5 Ft. Deep 



88 



[Dropped info Wedge Shaped Ditch 
2.70 to 4.05 Ft. Wide, 7.7 Ft. 
Deep 



103 

'93 
to 
97 



I 



Mixture of Yellow and Blue Clay, 
Mostly Yellow. Cold Weather 



Dropped 
Deep 



into 4 Ft. Ditch, 14.7 Ft. 



96 
to 
101 



Mixtui'e of Yellow and Blue Clay. 
Rather Moist. 



Dropped into 2 
Deep 



Ft. Ditch, 16.8 Ft, 



105 

to 

109 



D. GRANULAR MATERIALS DROPPED INTO DITCHES .\ND THEN THOROUGHLY WET DOWN, 
BUT A\aTH DRAINAGE AT DACTl END OF SECTION ?, TO 7 FT. LONG, SO AS TO PREVENT 

THOROUGH SATURATION. See Tahlc No. 11, page 71. 



Yellow Clay Weighing 87 Lhs. per 
Cu. Ft. 



Immediately After Thoroughly Wet- 
ting Down 



97 



1 Yellow Clay Weighing 87 Lhs. per 1 After Standing 6 Days 
Cu. Ft. 



■ * ■ 



101 
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Yellow Clay Weighing 87 Lbs. per jAfter Further Wetting Down and 

1 Standing 3 Days Longer 



Cu. Ft. _ 

Yellow Clay Weighing 85 Lbs. per 
Cu. Ft. 



After Heavy Rains had Partly Filled 
Ditch with Water 



110 



105 



Yellow Clay Weighing 103 Lbs. per 
Cu. Ft. 



After 2.0 Ft. Ditch 6.5 Ft. Deep had 
Filled with Water above 18 In. Pipe 



119 



11 



1 

1 
1 



Yellow Clay Weighing 107 Lbs. per 
Cu. Ft. 



Immediately After Thoioughly Wet- 
ting Down 



113 



Yellow Clay Weighing 107 Lbs. per 
Cu. Ft. 



After Standing 1 Day and Afterl 
Some Further Wetting Down 117 



A 



E. CONSOLIDATED DITCH PILLING MATERIALS IN PLACE IN REFILL. 



3 i Yellow Clay, 87 Lbs. per Cu. Ft., 17 
Days After Placed, and 11 Days 
After Thorough Wetting Down. 
Ditch 2.0 Ft. X 6.7 Ft. Deep. 



16% to 20% Moisture 



Yellow Clay, 107 Lbs. per Cu. Ft., 
12 Days after Placed, and 4 Days 
after Thorough Wetting Down. 
Ditch 2.24 X 16.8 Ft. Deep . 

Yellow Clay, 119 Lbs., per Cu. Ft., 
Subjected to Super Load of 1135 
Lbs. per Sq. Ft. in Ditch 2.0 Ft. x 
6.3 Ft. Deep and Then Thoroughly 
Wet Down. 



15% to 18% Moisture 



116 

to 

130 



From 1 Ft. Depth 
From 2 Ft. Depth 
From 4 Ft. Depth 



128 

to 

1^9 

135 
124 
123 



1 iSand 



Freshly Deposited and Tamped* 



115 



1 I Sandy Loam 



Freshly Deposited and Tamped 



I 96 



Light Sandy Loam from Depth of 2 to 
3 Feet in Recently Refilled Gas 
Pipe Ditch. 



Gravel, Loam and Clay, 1 Ft. Depth, 
in Fill over Concrete Bridge. 



Partly Compacted by Street TraflBc 

Compacted by Weather and Street 
Traffic 



117 



124 



Sandy Loam and Sand 2% Ft. Deep 
in Fill over Concrete Bridge. 



Compacted by Weather and Street 
Traffic 



1.23 



2 [Yellow Clay and a Little Black Soil, 
2^ Ft. Deep in Old 2% Ft. Wide 
Ditch. 



Compacted by Weather 



108 



Half and Half Yellow Clay and Black 
Soil, iVz Ft. Deep in Old 2 Ft. 
Wide Ditch. 



Compacted by 
Flooding 



Weather and Original 



113 



Yellow Clay, 4 Ft. Deep in 2% Ft. I Compacted by Weather 
Wide Ditch, 3 Yrs. Old. 



Black Top Soil, 8 Ft. Deep in 2^^ Ft. 
Wide Ditch, 3 Yrs. Old. 



Compacted by Weather 



119 



113 



Half and Half Yellow Clay and Black 

Soil, 4 Ft. Deep in 1^ Ft. Wide [Compacted by Weather 
Old Ditch. 



112 



Half and Half Yellow Clay and Bkck 
Soil, 5 Ft. Deep in 1^4 Ft. Wide 
Old Ditch. 



Compacted by Weather 



121 



1 I Black Top Soil, 3 Ft. Deep in Old Tile 
' Ditch 1 X 3 % Ft. 



Compacted by Weather 



111 



* See Journal of Association of Engineering Societies, Vol. 19, page 206 
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TABLE NO. 3 
MEASUREMENTS OP WEIGHTS OF SOLID UNDIS^PURBED SOIL IX VI j ACE 



t 


: - - - 1 


ft 






! 


i 




H-J 




M 


5.^+^ 


PS 

o 




(^u 


^52 


Kind of Soil 


^ ft+3 








^3o 


C C5 ;-( 





A. TEST.S OP SOIL ON 


I'MRM XKAR HAXFORD, IOWA 




1 
1 
1 
1 


Black Top Soil 
Black Top Soil 
Black Top Soil 
Black Top Soil 


90.5 
96.8 
96.7 
93.8 


99.2 
108.4 
107.6 
106.0 


4 


Average 


94 


105 


1 
1 


Yellow Clav, 2^^ Ft. Deep 
Whitish Clay, 3 V^ Ft. Dei p 




116.5 
124.9 


119.9 
126.5 


2 


Average 


l;21 


123 


1 
1 


Sandy Clay, 2V2 Ft. Deep 
Sandy Clar, 3 Ft. Deep 




~113.9 
98.9 


122.2" 
107.8 


2 


Average 




106 


115 


1 

t 
1 


Clayey Sand, 4 Ft. Deep 
Clayey Sand. 4 Ft. Deep 
Clavev Snnd and Coarse Pebbles, 


4 Ft. Depp 


121.3 
121.2 1 
127.2 


133.8 
130.2 
131.2 


3 


Avei'age 


123 


132 


1 i 


Blue Clav, 4.Mi Ft. Deep 




114 


118 



B. TESTS OP SOIL IX DITCH FOR EXPEBniEXrS ON LOADS ON PIPKS, A:MES, IOWA 



1 
1 

3 
3 
1 


Sandy Yellow Clay, 1.7 Ft. Deep 

Yellow Clay, 3 . 3 Ft. Deep 

Mixture of Yellow and Blue Clay, 16 Ft. Deep 

Blue Clay, 18 Ft. Deep 

Blue Clay, 20 Ft. Deep 


104.4 

120.0 

136 

137 

137 


■• 


2 


Yellow Clay, a few Rods from above Experiment Ditch, 9 
Ft. Depth 


133 




1 


Yellow Clay, a few Rods from above Experiment Ditch, 4 
Ft. Depth 


129 





In refilling tile drain ditclies the materials are generally de- 
posited loose, by scrapers or by liand. Tliey then gradually 
compact, mainly from the effect of rains and floods. Complete 
saturation will almost certainly occur eventually, through over- 
flowing of the surface, and tlirougli overcharging of tlie drain 
by exceptional floods. Wliere the tile do not fail during con- 
struction, the unit weights of ditch filling causing the heaviest 
loads on the drain tile may approach those given for saturated 
materials in Table No. 2, or for soils in place in Table No. 3, 
and all drain tile should be strong enough to carry these weights 
safely. 

Sewer pipe will undoubtedly need to be strong enough to car- 
ry the same weights, since thorough ramming or flooding in re- 
filling is usually specified in order to prevent future settlement 
of street ditches. 

Hen>ee it is believed that the weights shown in Table No. 6, 
below, will be reasonable and safe to use in calculating the max- 
iiiuim loads on drain tile and sewer pipe in ditches. 
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Article 13, The Coefficients of Internal Friction, jn, and 
oi Friction Against the Sides of the Ditch, fi% for Different 
Ditch Filling Materials. For calculating a table of working 
values of the coefficient ^'C*' of loads on pipe to use in the work- 
ing formula (2), the proper values of fx the coefficient of internal 
friction, and of /x', the coefficient of friction against the sides of 
the ditch, must be known for substitution in formulas (1) and 
(3). We have made a nnmber*»of measurements of fi and fx^ by 
the use of the simple apparatus shown in Fig. 13. 

In.use, the box was placed on a leveled surface of a pile of ditch 
filling in determining /x, or on a ledge of solid materials in place 



Bottom /ess box 3 fncties 
sguore insic/e^ f/l/ed with /tie 
moten'of io be tested. 




Spring Bo/once for 
weig/yiryg pu/i 



C This mote ho/ is i^e same os thcTt/n the i?ox for testa of /nternoi 
f/yct/on, but /s a /edpe ofso//d rno ter/o/ /np/o ce for t&s/>s of 
Side fr/ct/on. 

Fig. 13. Apparatus for Determination of Coefficients of Internal Friction 
/jt, and of Friction against Sides of Ditch fx.', 

near the side of the ditch in determining ixf The box was filled 
with the ditch filling material, and this material weighted to 
various intensities of pressure. For each weight the force neces- 
sary to maintain a tery slow steady motion was measured by the 
spring balance. 

Contrary to the laws of sliding friction of solids, it was found 
that the force required to start motion was generally smaller than 
that necessary to maintain it. It seems possible that the first 
motion is due to the rolling of some of the granular particles of 
ditch filling material which have happened to assume unstable 
positions. In calculating /a and ixf we have used the forces neces- 
sary to maintain a slow motion. 

Our measurements of the coefficients of internal friction, /a, 
and our calculations by formula (1) of K, the ratio of Jateral to 
vertical pressure, are given in Table No. 4, and our measurements 
of the coefficients of friction, /x', against the sides of the ditch 
are given in Table No. 5. 
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TABTjK no. 4 

MEASUREMEN'1\S OF INTERNAL I^RIC'PION, yu, AND CALC^ULATIONS 

RATIOS OP LATERAL PRESSURES, K, IN GRANULAR 

DITCH PILLING MATERIALS 



OF 



I 

u 

N 
O [^ 

Off-H 



Kind of Soil 



i/2 



pi 



.(^ 



a* 

P4 



^ c; W 



li 



«♦-< ^ 

o^ 



<M 



o o 



CO 
CO 

►^ hH 4j 



A- LABORATORY TESTS OP VARIOUS GRAKULAR MATERIALS 



3 


Damp, Black Top Soil 


28 


0.32 




7 


Damp, Black Top Soil 


36 


0.40 




6 


Damp, Black Top Soil 


64 


0.50 




3 


Damp, Black Top Soil 


68 


0.57 




3 


Damp, Black Top Soil 


112 


0.70 




3 


Damp, Black Top Soil 


152 


0.72 


K 


25 


Average 


p 


0.53 1 


0.36 



4 
3 
2 
4 


Saturated Black Top Soil 
Saturated Black Top Soil 
Saturated Black Top Soil 
Saturated Black Top Soil 


96 

, 176 

256 

336 


0.65 
0.56 
0.34 
0.34 


0.29 
0.51 


13 


Average 




0.47 0.40 




Average clay ( Goodrich) 


2500 

to 

10000 


■ 


0.40 
1 



3 
3 
3 
3 
3 
3 



Damp, 
Damp, 
Damp, 
Damp, 
Damp, 
Damp, 



Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 



Clay 
Clay 
Clay 
Clay 
Clay 
Clay 



32 
76 
120 
164 
196 
240 



0.41 
0.53 
0.58 
0.57 
0.56 
0.48 



0.45 
0.33 



18 



Average 



0.52 



0.37 



5 


Clay to Crawl (Goodrich) 


300 
to 


0.54 








1100 


(0.38-0.64)1 0.36 


6 


Clay to Break (Goodrich) 


80 
to 


1.00 








1100 


(0.71-1.65) 


0.17 



3 
3 
3 
3 


Saturated Yellow Clay 
Saturated Yellow Clay 
Saturated Yellow Clay 
Saturated Yellow Clay 


88 
184 
248 
360 


0.63 
0.46 
0.45 
0.34 


0.30 
0.51 


14 


Average . 47 


0.40 



1 ! Reddish Yellow Clay (Goodrich) 83% Saturated 


2500 




0.40 


3 
3 
3 
3 
3 
3 
2 


Dry Sand 
Dry Sand 
Dry Sand 
Dry Sand 
Dry Sand 
Dry Sand 
Dry Sand 


96 
176 
240 
320 
384 
464 
608 


0.58 
0.63 
0.58 
0.56 
0.54 
0.49 
0.46 


■■ 


20 


Average | 0.55 


0.35 



2 


Wet Sand 


96 


0.65 




2 


Wet Sand 


176 


0.59 




3 


Wet Sand 


240 


0.58 




2 


Wet Sand 


320 


0.58 




3 


Wet Sand 


384 


0.58 




3 


Wet Sand 


464 


0.48 




1 


Wet Sand 


608 


0.50 




16 


Average . 1 




0.57 


0.34 
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3 


Dry Sand 


40 


0.53 


0.3{) 


14 


Dry Sand (Goodrich) 

• 


80-1400 


0.57 
(0.25-0.70) 


0.34 


5 


Dry Sand (Goodrich) 


80-300 


0.62 
(0.33-0.78) 


0.31 


9 


Dry Sand (Goodrich) 


100-900 


0.52 
( . 43-0 . 62 ) 


0.37 


4 


Slightly Moist Sand (Goodrich) 


80-250 


0.88 
f 0.64-1. 05) 


0.20 


8 


Moist Sand (Goodrich) 


100-900 


0.62 
(0.51-0.83) 


0.31 


2 


Wet Sand 


48 


0.58 


0.33 


8 


Semi-Saturated Sand (Goodrich) 


80-800 


0.60 
(0.58-0.64) 


0.32 



NOTE. — The data credited above to Goodrich are scaled from Fig. 40, of the paper 
by E. P. Goodrich on "Lateral Earth Pressures" (see Vol. 53, page 298, of 'Pi'ans. 
of Am. Soc. C. E., Dec, 1904), except that K for reddish yellow clay 83% saturated 
is from Fig. 30, of the same paper. 

B. TESTS or GRANULAR DITCH PILLING MATERIALS USED IN EXPERIilENTS ON LOADS 
ON PIPES IN DITCHES— ALL DUG PROM SAME DITCH, 4 PEET WIDE BY 24 PEET DEEP 
BY ABOUT 20 PEET LONG. TESTS MADE AT VARIOUS TIDIES PROM AUGUST 1 TO JAN- 
UARY 1. MATERIALS EXPOSED TO WEATHER. 




9 

9 

15 

22 
20 
17 
63 



Damp Black Top Soil 
Damp Yellow Clay 
Damp Yellow 



Damp 
Damp 
Damp 
Damp 



Yellow 
Yellow 
Yellow 
Yellow 



Clay 
Clay 
Clay 
Clay 
and 



72 

12 

5 

9 
18 



Yellow 

Damp Yellow 
Damp Yellow 
Moist Yellow 
Ditch after 



Blue Clay — Mostly 



Highest 
Average 
Lowest 
and Blue Clay — Mostly Yellow 
and Blue Clay — Mostly Yellow 
Clay, Granulated by Digging out of 
Wftting Down 
Saturated Yellow Clay 

Moist Yellow and Blue Clay, Granulated by Digging 
out of Ditch after Wetting Down 



0.47 
0.44 
0.66 
0.58 
0.58 
0.96 
0.85 
0.76 
0.69 
0.64 
0.83 

0.85 
0.39 

0.93 



0.40 
0.42 
0.29 
0.33 
0.33 
0.18 

0.25 

0.30 
0.22 

0.21 
0.45 

0.19 



MEASUREMENTS 



TABLE NO. 5 

OF FRICTION u\ OF GRANULAR DITCH 
TERIALS AGAINST SIDES OF DITCH 



filijIng ma- 









V^ 


*<-c 


1 






Kfl 


° rt 


u 






^ 


^ , o 


<4> 






J.^ 






Ditch Filling 


Sides of Ditch 

p - 


(-1 


cS (1) 


6B 

• * 










:^a 






(^ Pi 


OCB 





A. LAKORATORV TESTS OF 


VARIOUS GRANUIiAR MATERIAT^S 






3 
3 
3 
3 
3 


Damp Top Soil 
Damp Top Soil 
Damp Top Soil 
Damp Top Soil 
Damp Top Soil 


Top Soil in Place 
Top Soil in Place 
Top Soil in Place 
Top Soil in Place 
Top Soil in Place 


112 
192 
272 
352 
544 


0.43 
0.52 
0.52 
0.52 
0.66 


15 


Average " ) 




0.53 



4 
6 
3 
2 


Damp Black Top Soil 
Damp Black Top Soil 
Damp Black Top Soil 
Damp Black Top Soil 


Top Soil 
Top Soil 
Top Soil 
Top Soil 


40 
130 
228 
320 


0.36 
0.55 
0.72 
0.69 


1 5 1 Average 1 


0.58 



3 


Saturated Top Soil 


Top Soil in Place 


42 


0.48 


3 


Saturated Top Soil 


Top Soil in Place * 


89, 


0.59 


3 


Saturated Top Soil 


Top Soil in Place 


126 


0.43 


3 


Saturated Top Soil 


Top Soil in Place 


166 


0.33 


3 Saturated Top Soil 


Top Soil in Place 


238 


0.47 


15 


Average 






0.46 
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TAHL]^: ^^Continued 



«M o 



Ditch Filliiis- 



1 I Damp, Yellow Clay 

2 [Damp, Yellow Clay 
4 Damp, Yellow Clay 

4 Damp, Yellow Clay 

5 Damp, Yellow Clay 



1 6 I Average 



Sides of Ditch 



[Yellow Clay in Place 

[Yellow Clay in Place 

Yellow Clay in Place 

Yellow Clay in Place 

Yellow Clay in Place 



.J] • 
CO 



112 
192 
272 
352 
496 



S^ CD 



0, 







25 
,38 
,42 
.50 
,60 



10.43 



3 
3 
3 
3 
3 


Saturated Yellow Clay 
Saturated Yellow Clay 
Satni-ated Yellow Clay 
Saturated Yellow Clay 
Saturated Yellow Clay 


Yellow Clay in Place 
Yellow Clay in Place 
Yellow Clav in Place 
Yellow Clay in Place 
Yellow Clay in Place 


48 

9:2 

136 
212 
256 


0.42 
0.33 
0.37 
0.44 
0.33 


1 5 Average 






0.38 



30 

3 

3 

16 

2 

3 

21 

21 

15 

26 



Dry Sand 
Dry Sand 
Dry Sand 
Saturated Sand 
Saturated Sand 
Saturated Sand 
Moist Sand 
Moist Sand 
Moist Clay 
Moist Clay 



Dry Sand 

Dry Sand 

Satiu\ated 

Satiu'ated 

Saturated 

Saturated 



Clay 

Sand 

Sand 



Clay 

Di'essed Fir Sheeting 
Rough Fir Sheeting 
Dr?ssed Fir Sheeting 
Rough Fir Sheeting 



96-608 
40 
40 



96--608 
48 
40 



96-608 
96-608 
96-608J0 
96-60810 









.55 
.53 
.62 
.57 
.58 
.67 
.43 
.49 
.57 
.68 



NOTE. — ^The al30\'e nieasuiTnients ot* u" were geiisi'ally mads ni)t>n horizontal sur- 
faces, shaped with a spade to imitate the frictional conditions of the sidss of ordi- 
nary hand -dug ditches. 

B. TESTS OP eEAXUI^\K PILLINO >Ij\TERIALS U.SED IX t^XPKEIMENTS ON LOADS OX 
PIPES IX DlTCHES-AL.Ii DUG FROM SAAIE DITCH, 4 FEET WIDE BV 24 VEBT DEEP, BV 
AEOUl' 20 FEET LOXG. TESTS MADE AT VARIOUS TIMES FROM AIXJUST 3 TO JAN- 
UARY 1. MATERIALS EXPOSED TO T>'EATIIER. 



10 
18 



Damp Black Top Soil 
Damp Yellow Clay 



9 I Damp Yellow Clay 
20 Damp Yellow Clay 
23 IDamp Yellow Clay 
18 Damp Yellow Clay 
62 [Damp Yellow and 
Mostly Yellow 



Blue Clay 



17 
75 
12 
21 



160-480)0,49 



Damp Black Top Soil in Place 
Damp Black Top Soil in Place! 96-400 
Damp Yellow Clav in Place 160-480 
Damp Yellow Clav in Place 96-400 

Damp Yellow Clay in Place t 96-5:38 
Damp Yellow Clay in Place 



Damp Yellow Clay 
ill Place 



9 



15 
25 



Damp Yellow and Blue Clny — 
Mostly Yellow 

Damp Yellow and Blue Clay — 
Mostl>'' Yellow 

Damp Yellow and Blue Clay — 
Mostly Yellow 

Moist Yellow Clay, Granulated by 
Digging out of Ditch aftsr Wet- 
ting Down 

Moist Yellow Clay, Granulated by 
Digging out of Ditch after Wet- 
ting Down 

Saturated Yellow Clay 

Moist Yellow and Blue Clay, Gran- 
ulated by DigETing out of Ditch 
after Wetting Down 



Highest! 

Average 

Lowest 



I 



Wet Yellow Clay in Place 
Damp Yellow Clay in Place 
Damp Yellow Clay in Place 



amp Yellow Clay in Place 



Flooded Surface of Yellow Clay 
in Place 

Yellow Clay in Place, Smeared 
with Sliid 

jNFoist Yellow Clav in Place 



96-464 

96-464 
96-464 
96-464 

96-464 

96-464 



0.7:: 

0.66 
0.65 
0.77 
0.80 

0.92 
0.85 
0.81 

0.44 

10.64 



96-38410.87 
I 



96-608 



0.78 



304-608 



i) 6-464 0.46 



0.20 



I 



9G-464I0.50 

I 



NOTE.- — ^The ahove measurements of ^c' were made upon ledges near the sides of 
the ditches, on horizontal surfaces, slipped to imitate the actual frictional conditions 
of the sides of the ditches at the time, 
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A study of the data in Tables 4 and 5 shows a large range of 
values in successive tests of the same material under different 
pressure. The variation in results may be due in part to the 
rather crude nature of the apparatus, but probably mainly rep- 
resents real differences in properties in slightly different por- 
tions of a mass of recently deposited earth, or in the same por- 
tion under different pressures. 

j\Iani f estly, a considerable number of friction measurements 
should be made and averaged hi each particular case, to obtain 
fair average values of the constants to use in ditch calculations. 

Wlien a fair number of friction tests are made and averaged, 
we find by careful measurements of the actual loads carried by 
pipes (see pages 65 to 88 hereinafter) that closely correct re- 
sults can be secured in- computations by formulas (2) and (3), 
(page 33). 

The fact is that, within the range of ordinary ditch filling 
materials, it takes a large difference in the values of the friction 
coefficients, to make a material difference in the weight carried 
by the pipe. This point is very clearly shown on Fig. 14, page 
43, by the small range in the values of C between the extremes 
of ordinary materials. 

The real difficulty in selecting the proper general working 
values of /^t, K, and /a' for different ditch filling materials is to 
decide upon safe, and at the same time reasonable, allowances 
on the side of safety, required in order to provide for the effects 
of probable saturation of the materials under actual ditch con- 
ditions. 

Article 14. Safe Working Values of Weights, Ratios of 
Lateral Pressure, and Coefficients of Friction Against the 
Sides of Ditches, for Different Ditch Pilling Materials 

After a careful study of actual ditch conditions and of the data 
given in Tables Nos. 2, 3, 4 and 5, above, we have adopted ap- 
proximate, safe values of w, K and f/ as given in Table No. 6, 
below, for calculation of the maximum loads on pipes in ditches. 

TABLE NO. 6 

APPROXIMATE SAFE WORKING VALUES OF THE CONSTANTS TO BE USED 

IN CALCULATING THE LOADS ON PIPES IN DITCHES 



Ditch Filliii! 



w 



:Unit 



Weight of Fill' 

ill a:. Lbs. per 

Cu. Ft. 



K=Ratio of 
Lateral to Ver- 
tical Earth 
P re ssures 



/x,'=Coefficieiit 

of Friction 

Against Sides 

of Trench 



Partly Compacted Top Soil (Damp) 

Saturated Top Soil 

Partly Compacted Damp Yellow Clay 

Saturated Yellow Clay 

Dry Sand 

Wet Sand 



90 
110 
100 
130 
100 
120 



0.33 
0.37 
0.33 
0.37 
0.33 
0.33 



0.50 
0.40 
0.40 
0.30 
0.50 
0.50 



NOTE.- — ^Tlie above values of ^y, K and // are for use in formulas (2) and (3), 
on page 33. 

In ccnoiection with Table No. 6 it should be noted that it is 
the value of the lyroducA of K and /u.', instead of their separate 
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values, which determines the weights resting on drain tile and 
sewer pipe in ditches.* • 

For ordinary materials the ratio of lateral pressure, K, is high 
when the coefficient of friction, /a', is low, and K is low when, /x' 

is high. . ^ , ^ 

Hence their product is much more nearly constant than either 
separately. 

HoAvever, /a' will be much affected by the smoothness of the 
sides of the ditch, and values lower than those of /x for the 
same ditch filling materials have been selected for Table No. 6, 
to allow properly for those ditch conditions which will bring the 
heaviest loads uponi the pipes. 

Article 15. The Variations of Loads on Pipes in Ditches 
Corresponding to Differences in the Consistencies of Dutch 
Pilling Materials. The consistency (or softness) of the ditch 
filling materials is indicated numerically by the coefficient, /x, of 
internal friction, and is affected both by tlie character of the 
particles of the material, and especially by the degree of satura- 
tion nvith water. The effect of the consistency is shown in a 
very clear and interesting manner on Fig. 14, herewith, which 
has been prepared from computations Avith formulas (1), page 
32, and (3), page 33. 

In Fig. 14, the consistencies of the ditch filling materials are 
shown by the abscissas, which represent different values of /a, 
the coefficient of internal friction. For liquids, the value of /a 
is o, as shown at the left of the diagram, and for solids the value 
of /x would be very great, falling beyond the right of the diagram. 

A study of Table No. 4, shows that ordinary ditch filling ma- 
terials have coefficients, /x, of internal friction, ranging from 
0.3 to 1.0, limits Avhich are indicated by prominent vertical lines 
on Fig. 14. For ordinary ditch conditions, //, in Table No. 5, 
is not often much less than the corresponding values of fi, in 
Tkble No. 4, and hence in Fig. 14, the values of ''C" for or- 
dinary ditch conditions would be nearly directly over the corres- 
ponding values of fi, as given at the bottom of the diagram. 

Hence Fig. 14 shows clearly the fortunate fact that ordinary 
ditch filling materials cause much smaller loads on pipes in 
ditches than w;ould be imposed by either softer or more solid sub- 
stances. In fact, either liquids, as at the extreme left of Fig. 
14, or solids, as beyond the extreme right would impose their full 
weights upon pipes in ditches; whereas ordinary ditch filling 
materials impose only fractions of their full weights, such as 
are indicated by the ratios of the values of '^C" for such ma- 
terials, in Fig. 14, to the corresponding maximum values of **C" 
for liquids, at the extreme left. 

* See formulas (2) and (3), page 33. 



43 



In Fig. 14, heavy vertical lines have been drawn, and labelled, 
corresponding to the safe worlring values of K/x' assigned in 
Table No. 6, for computing the ordinary maximum loads on 
pipes in ditches for the common ditch filling materials. The ex- 
cess in the values of ^^C" on these vertical lines over the values 
of ^'C^' for ordinary ditch filling materials shows how much 
of an allowance has been made, in selecting the working values 
of K and yJ in Table No. 6, foi; the effect of saturation, in de- 
creasing friction and thereby increasing the maximum loads on 
pipes in ditches. 




2^020 



/.CO 0/0 



O.O0 OOt 



I 



a? 0,3 o.^ as 0.6 or oa 0.9 ao /.e /.4 

Abscissoe ^yt/=: Coeff/c/e/if-of f/iferr'io/ fr/cf/o/n 

lD//?£CTfOfi3 . . 

iV/?er>_yC'^ or »>«#, f/'nc/ C, K, and K^ on some t^erh'co/ as,yt«. 
W/ienytt'^^u fina/ /^ on sorrie verf-tca/ asy*j, ccrrtpute ff^yu', ff'nc/ eguO/ 
1/0/ uG ort A></ one/ fCn ' cur^e on c/tot^rom. and /ofre \/a/i/es c/' C 
on SOm& ^er/^/co/ as /</ej '■ 



WOO 000 






Fig. 14. Diagram Showing the Vahies of *'C^% the Coefficient of Loads 
on Pipes in Ditches, for Different Consistencies of Ditch Filling Materials, 
from Liquid to, I^eaiiy Solid. The Consistencies are Indicated by the 
Values of the Abscissas, which Represent /a, the Coefficient of Internal 
Friction. The Values of ''C^' are Proportional to the Loads on the Pipe 
in any Given Ditch. 

Article 16, A Table and a Diagram of Working Values of 
**C'', the Coefficient of Loads on Pipes in Ditches. By sub- 
stituting in formula (3), page 33, the safe working values of K 
and ijf given in Table No. 6, page 41, we have computed Table 
No. 7, of safe working values of ^^C", to use in calculating the 
ordinary maximum loads on pipes in ditches. 
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TABT^E >rO. 7 

APPROXIMATE SAFE AVORKXNG VALUES OF "C", THE COEFFICIENT OF 

LOADS ON PIPES IN DITCHES 



Ratio 
B 




1 
1 
2 
2 
3 
3 
4 



5 

5 

5 

5 




Approximate Values of "C" 



For Damp Top 

Soil and Dry 

and Wet Sand 



For Saturated 
Top Soil 



For Damp 
Yellow Clay 



0.46 
0.85 
1.18 
1.47 
1.70 



4.5 
5.0 
5.5 
6.0 



6 

7 
7 



5 

5 



8.0 

8.5 

9.0 

9.5 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

Infinity 



1 

2 

2 

2 

2 

2 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 



90 
08 
22 
34 
45 
54 
61 
68 
73 
78 
82 
85 
88 
90 
92 
95 
97 
99 
00 
01 
03 



0.47 
0.S6 
1.21 



1 

1 

1 
2 

2 
2 
2 



51 
77 
99 
18 
35 
49 
61 



2.72 
2.81 
2.89 
2.95 
3.01 
3.06 



3 
3 
3 
3 



10 
14 
18 
20 



3.25 
3.28 
3.31 
3.33 
3.34 
3.38 



0.47 

0.88 

1.25 

1.56 

1.83 

2.08 

2.28 

2.47 

2.63 

3.78 

2.90 

3.01 

3.11 

3.19 

3.27 

3 • o3 

3.39 

3.44 

3.48 

3.52 

3.58 

3.63 

3.67 

3.70 

3.72 

3.79 



For Saturated 
Yellow Clav 



0.48 
0.90 



1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 



27 
62 
91 
19 
43 
65 
85 
02 
18 
32 
44 
55 
65 
74 
82 
3.89 
3.96 
4.01 
4.11 
4.19 
4.25 
4.30 
4.34 
4.50 



NOTE. — * * C ' ' is to be used in calculating the ordinary maximum loads 



Where 



on jDipes in ditches by the formula, 

W=CwB' (2), 

W^load on pipe in ditches, in pounds per lin. ft., 
C=coeflficient of loads on pipes in ditches, 
TT^weight of ditch filling material, from Table No. 6, page 

41, in pounds per cu. ft., 
B ^breadth of ditch at top of pipe, in feet, 
H=height of fill, above tojD of pipe, in feet. 

NOTE 2. — -For values of H/B not given in Table No. 7, sufficiently ac- 
curate values of ^ ' C ^ ' can be obtained by interjDolation. 

For some purposes a diagram of values of ''C" is more con- 
venient and clear than a table. Hence we present, in Fig. 15, a 
diagram of the values of ''C" given in Table No. 7. 

The diagram, Fig. 15, of values of ''C" shows with especial 
clearness hoAV the loads on pipes in ditches vary with the depth 
of the ditch, since **C" is proportional to the load on the pipe 
when the mdth of the ditch and the nature of the filling material 
are constant. Fig. 15 shows that there is very little increase of 
loads on pipes in ditches for any increase in depth of fill beyond 
10 times the breadth of the ditch at the top of the pipe. 

Article 17. A Table of Ordinary, Safe, Working Maximum 
Loads on Pipes in Ditches for Different Filling Materiads 
and Dimensions of Ditches. By taking the safe, working 
values of ' ' C ' ', the coefficient of loads on pipes in ditches, from 
Table No. 7, page 44, or Fig. 15, page 45, and the safe, work- 
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o 0.5 /.o IS e.o e.5 s.o a5 -^.o 4-^ s.o s.s e.o 

Co5rr/aer^TS "C" or Loads o^ f^p^s /rj Dfrc^es 

rig. 15. Diagram of Approximate, Safe, Working Values of *'C", the 
Coefficient of Loads on Pipes in Ditches, to Use in Calculating the Ordinary 
Maximuni Loads on Pipes in Ditches. 

ing value of w, the weight of the ditch filling ma.terial in pounds 
per cubic foot, from Table- No. 6, page 41, it is easy to substitute 
in formula (2), page 33 (repeated, for convenience in use, on 
pages 44 and 45), and calculate a table of safe, working, max- 
imum loads on pipes in ditches of different dimensions, when 
filled with any of the common ditch filling materials. The re- 
sults of such computations are given in Table No. 8, herewith. 
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TABLE NO. 8 

APPROXIMATE ORDINARY MAXIMUM LOADS ON DR^MN TILE 

SEWER PIPE IN DITCHES PllOM COMMON DITCH PILLING 

MATERALS. IN POUNDS PER LINEAR FT. 



AND 



eight 
Above - 


Pipe 






Ji~ 


:Bieadth 


of Ditch, at ' 


Top of 


Pipe 










1 Ft. 


2 FL 


3 Ft. 


4 Ft. 


.1 

5 Ft. 


1 Ft, 


2 Ft. 


3 Ft. 


4 Ft. 


5 Ft. 


Part 


Iv Coi 


npu cted 


Damp 


Top Soil. 


^ 


Saturated Top Soil. 






90 


1 Lbs. per Cu. Ft. 






110 Lbs. per 


Cu. Ft. 




2 Feet 


130 


310 


490 


670 


830 


170 


380 


600 


820 


1020 


4 " 


200 


530 


880 


1230 


1580 


260 


670 


1090 


1510 


1950 


6 " 


230 


690 


1190 


1700 


2230 


310 


870 


1500 


2140 


2780 


8 " 


250 


800 


1430 


2120 


2790 


340 


1030 


1830 


2660 


3510 


10 •• 


260 


880 


1640 


2450 


3290 1 

■ 


350 


1150 


2100 


3120 


4150 






Dry 1 


Sand. 








Saturated S 


land. 






100 


Lbs. p 
340 


•er Cu. 


Ft. 






120 Lbs. per 


Cu. Ft. 




2 Feet 


150 


550 


740 


930 


180 ' 


410 


650 : 


890 


1110 


4 • 




220 


590 


970 


1360 


1750 


270 


710 


1170 


1640 


2100 


6 ' 




260 


760 


1320 


1890 


2480 


310 


910 


1590 


2270 


2970 


8 • 




280 


890 


1590 


2350 


■ 3100 


340 


1070 


1910 


2820 


3720 


10 • 




290 


980 


1820 


2720 


3650 


350 


1180 


2180 


3260 


4380 


12 ' 




300 


1040 


2000 


3050 


4150 


360 


1250 


2400 


3650 


4980 


14 • 




300 


1090 


2140 


3320 


4580 


360 


1310 


2570 


3990 


5490 


16 ' 




300 


1130 


2260 


3550 


: 4950 


360 


1350 


2710 


4260 


5940 


18 ' 




300 


1150 


2350 


3740 


5280 


360 


1380 


2820 


4490 


6330 


20 • 




300 


1170 


2420 


3920 


5550 


360 


1400 


2910 , 


4700 


6660 


22 • 




300 


1180 


2480 


4060 


5800 


360 


1420 


2980 


4880 


6960 


24 • 




300 


1190 


2540 


4180 


6030 


360 


1430 


3050 


5010 


7230 


26 • 




300 


1200 , 


2570 


4290 


6210 


360 


1440 


3090 


5150 


7460 


28 • 




300 


1200 


2600 


4370 


6390 


360 


1440 


3120 


5240 


7670 


30 • 




300 


1200 


2630 


4450 


6530 


360 


1440 


3150 


5340 


7830 


Infinity 


300 


1210 


2730 


4850 


7580 


360 


1450 


3270 


5890 


9090 


Part 


Iv Coil 


ipacted '. 


Damp Y 


'ellow C] 


lay 1 




Saturat 


ed Yelk 


>w Clay. 






100 


Lbs. p 


•er Cu . 


Ft. 






130 L 


bs. per 


Cu. Ft. 




2 Feet 


160 


350 


550 


750 


930 


210 


470 


730 


1000 


1240 


4 ' 




250 


620 


1010 


1400 


1800 


340 


840 


1330 


1870 


2370 


6 ' 




300 


830 


1400 


1990 


2580 


430 


1140 


1900 


2630 


3410 


8 • 




330 


990 


1720 


2500 


3250 


490 


1380 


2360 


3360 


4400 


10 • 




350 


1110 


2000 


2920 


3880 


520 


1570 


2760 


3980 


5270 


12 • 




360 


1200 


2220 


3320 


4450 


540 


1730 


3100 


4560 


6050 


14 ' 




370 


1280 


2410 


3650 


4950 


560 


1850 


3410 


5050 


6760 


16 ' 




370 


1330 


2570 


3950 


5400 


570 


1940 


3660 


5510 


7440 


18 * 




380 


1380 


2710 


4210 


5810 


570 


2020 


3880 


5930 


8060 


20 ' 




380 


1410 


2830 


4450 


6180 


580 


2090 


4070 


6280 


8610 


22 ' 




380 


1430 


2920 , 


4640 


6500 


580 


2140 


4240 


6610 


9130 


24 ' 


g m 


380 


1450 


3000 


4820 


6800 


580 


2180 


4380 


6910 


9590 


26 • 




380 


1470 


3060 


4980 


7080 


580 


2210 


4500 


7160 


10010 


28 • 




380 


1480 


3120 


5100 


7310 


580 


2240 


4610 


7380 1 


10430 


30 ' 




380 


1490 


3170 


5230 


7530 


580 


2260 


4700 


7590 1 


10780 


Infinity 


380 


1520 


3410 

1 


6060 


9480 


580 


2340 


5270 


9360 1 


14620 



Table No. 8 is intended to furnish drainage and sewerage en- 
gineers with sufficient data of the probable maximum loads which 
will be imposed on pipes in ditches by the ordinary ditch filling 
materials to enable them to prepare reasonable and safe specifi- 
cations for minimum allowable strengths of drain tile and sewer 
pipe in their construction work. Then, by testing the pipe in 
advance of use in the ditch, the engineer can determine with 
certainty whether he should accept or reject the material sup- 
plied by the contractor, and can prevent with reasonable cer- 
tainty the occurrence of failures from cracking, such as are listed 
in Table No. 1 (page 24). 
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Engineers, in preparing such specifications, should bear in 
mind two important principles : 

First: The specified minimnrA allowable strengths of drain 
tile and sewer pipe should be enough greater than the ordinary 
jnaximum loads given in Table No. 8, to afford a reasonable fac- 
tor of safety. See pages 157 to 163 for further discussion and a 
definite recommendation on this point. 

Second : The pipe must be tested by a standard method, which 
duplicates, with sufficient exaqtn^ss for practical purposes, tlie 
actual ditch conditions of bedding, in order that their test 
strengths shall be the same which would actually develop in the 
ditch. For a detailed description and discussion of such a 
standard method, see pages 89 to 99 hereinafter. 

For unusual materials, or other unusual conditions, the en- 
gineer may make a number of determinations of: First, w, the 
weight per cubic foot of the filling material ; second, /a, the co- 
efficient of internal friction; third, fi', the coefficient of friction 
against the sides of the ditch. He may then calculate the prob- 
able loads which will rest on the pipe by means of formulas (1), 
(2) and (3), pages 32 and 33. For the measurements of fric- 
tion he may use home made apparatus, similar to that shown in 
Fig. 13. 

Article 18. The Theory of Loads on Pipes in Ditches 
Wider at the Top than at the Bottom. In many cases ditches 
for tile drains and pipe sewers are dug wider at the top than at 
the bottom, and the question arises, what value of B, the breadth 
of the ditch, should be substituted in formulas (2) and (3), 
Tables Nos. 7 and 8, and diagrams, !Pigs. 14 and 15, in such cases? 

Fig. 16 shows a scale drawing of a wedge shaped ditch in which 
we have actually weighed the loads on the pipe for different 
heights of fill, as will be explained later on pages 70 to 74, here- 
inafter. 

In such cases of wedge shaped ditches as are shown in Fig. 16, 
it must be apparent, on inspection and study, that the weight of 
the ditch filling materials will arch over from the feides of the 
ditch to the pipe, at about the height of the 45 degrees points on 
the circumference of the pipe, as indicated in Fig. 16. Outside 
of the 45 degrees points, the ditch filling material is of less verti- 
cal depth and will settle less in the process of compacting than 
the material nearer the center of the ditch. 

Hence, a f rictional resistance mil be developed along the lines 
aa in Fig. 16, just as if they were the sides of the ditch, ex- 
cept that the amount of this frictional resistance will be deter- 
mined by the value of /a, the coefficient of internal friction of the 
ditch filling material, instead of by fi\ the coefficient of side fric- 
tion. 

Hence, further, in the case of ditches imder at the top than at 
the bottom, the proper value to sttbstititte for B in formulas (2) 
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and (3) J Tables Nos, 7 and 8, and diagrams, Figs. 14 and 15, is 
the breadth of the ditch at the height of the 45 degree points on 
the pipe circttmferencej just a little below the top of the pipe. 

That the above reason- 
ing and statement are cor- 
rect, is demonstrated clear- 
ly by the fact that in Ex- 
periment No. 8, Table No. 
12, page 74, the loads on 
the pipe calculated on this 
basis agTee closely with the 
loads actually found by 
weighing, and that loads 
calculated by substituting 
the average width in the 
formulas would be much 
larger than the actual 
loads. 

Further proof is found 
in the fact that even in tlie 
extreme case shown in Pig. 
7, page 20, the comparison, 
in Table No. 15, page 84, 
of the breaking loads, cal- 
culated for B^^the breadth 
of the ditch at the top of 
the pipe, with the labora- 
tory strength of similar 
pipe, shows a close corre- 
spondence of the calculated 
loads with the observed 
facts as to the cracking of 
the pipe. 

Article 19. The Effect 
of Super Loads upon Loads 
on Pipes in Ditches. In ad- 
dition to the loads caused 
by the weight of the ditch filling, pipes in ditches may have to 
carry loads resulting from piles of paving brick, lumber, and oth- 
er materials at the surface of the ground, from foundations, from 
the wheels of wagons, from road rollers, and traction engines, etc. 
All such loads will be called * 'super loads" in this discussion. 
A super load, then, is any load applied, to the jilling in a ditch 
over and above its own weight. 

There are two general cases of super loads on ditches : First, 
loads which extend a long distance along the ditch as compared 




Fig. 16. Scale Drawing of Ditch 
Used in Experiment No. 8, Table No. 
12, page 74, Illustrating Theory of 
Loads on Pipes in Ditches Wider at the 
Top than at the Bottom. 
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xrith its breadth anid depth; second^ short loads, such as those 
fpoi^i wagon wheels and road rollers. 

CASE 1. Long Super Loads, or Those op Considerable 
tiENGTii Along the Ditch as Compared witit its Breadth and 
pEPTH. These are such loads as might result from piles of pav- 
\^g brick, or other materials of construction, on the street. 

Fig. 17 shows a section of the ditch of unit length. 

* 



r ' 



tJJ*. A* - 




i* 



Super Looo^^ 

t Sper un/f 




Fig. 17. Figure IlUistrating tlie Theory of 
the Effect of Supei'-loads upon the Loads on 
PilDes in Ditches. 
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Let Li: 

Lip 

Ci 



a^ 



K 



long super load, per unit of length of ditch. 

load on pipe, per unit of length, due to Li. 

coefficient of loads on pipes in ditches due to long super loads, Li. 

Lverage intensity of the vertical pressiu'e in ditch filling at any 

level, per uni,t of ai'ea. 
ratio of lateral to vertical pressure in the ditch filling. 

coefficient of friction of the ditch filling against the sides of the 
ditch. 

H=height of fill, above top of pipe. 
B=breadth of the ditch, at top of pipe. 
e=the base of Naperian logarithms. 

Then, considering a thin horizontal slice of the ditch filling 
and proceeding as on page 32, we have : 

dV dH 

-2K/a' -^^;;— for the differential equation, 



V 



B 



and finally, after integrating and solving, 



Li 



CiL, 



(4). 
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Where Ci 



8 ^ B 



(5). 



Using the safe values already assigned for K and /x' in Table 
No. 16, pg. 41 we have computed Table No. 9, giving safe values 
of Ci. 

TABLE NO. 9 

APPROXIMATE SAFE VALUES OP Ci TO USE IN FORMULA Lip=:CiLi 

Lip=Loads per Unit of Length, on Pipes in Ditches, Due to Li. 
Li^zLong Super Loads on Ditches, per Unit of Length. 



H/B 



Sand and 

Damp Top 

Soil 



Saturated 
Top Soil 



Damp Yel 
loTV Clay 



Saturated 
Yellow Clay 



H 
B 



0.0 


1.00 


1.00 


1.00 


1.00 


0.0 


0.5 


0.85 


0.86 


0.88 


0.89 


0.5 


1.0 


0.72 


0.75 


0.77 


0.80 


1.0 


1.5 


0.61 


0.64 


0.67 


0.72 


1.5 


2.0 


0.52 


0.55 


0.59 


0.64 


2.0 


2.5 


0.44 


0.48 


. 52 


0.57 


2.5 


3.0 


0.37 


0.41 


0.45 


0.51 


3.0 


4.0 


0.27 


0.31 


0.35 


0.41 


4.0 


5.0 


' . 19 


0.23 


0.27 


0.33 


5.0 


6.0 


0.34 


0.17 


0.20 


0.26 


6.0 


8.0 


0.07 


0.09 


0.12 


0.17 


8.0 


10.0 


0.04 


0.05 


0.07 


0.11 


10.0 



NOTE, 



ight of fill in ditch, above top of pipe. 
B=:Breadth of ditch, at top of pipe. 



We have checked the mathematical theory given above, which 
leads to formulas (4) and (5) and Table No. 9, by weighing the 
actual loads on two pipes, at different depths in ditches, pro- 
duced by superloads of pig iron. The results are given in Table 
No. 13, pg. 75, and show a very close correspondence of the 
theory with the actual weights. 

Example 1. What load should be provided for as imposed by 
a pile of paving brick, 6 feet high, on a 24 in. pipe sewer, whose 
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top is 6 ft. below the street surface, the ditch being 3 ft. wide at 
\}ie top of the pipe, and the filling yellow clay ? 

Solution. The weight of the paving brick as piled would prob- 
ably be about 125 lbs. per cu. ft. Hence Li would be 125 x 6 x 3 
--:: 2250 lbs. per lin. ft. If the ditch filling has been deposited re- 
cently and is not in danger of saturation, Ci would be taken 
from Table No. 9; for damp clay, and for a value of H/B = 
6/3 = 2. Hence Lip — 0.59 x 2250 = 1300 lbs. per lin. ft. 

]SrOTE. — ^If the clay filling has been thoroughly consolidated for a suffi- 
cient tinLe to develop cohesion, Lip would be much smaller, unless there is 
clanger of saturation, as by heavy rains, which might destroy the cohesion. 
If the soil were sand, instead of clay, however, ^cohesion would probably not 
greatly affect the result, and Lip would be 0.52 x 2250 = 1200 lbs. per lin. ft. 

CASE 2. Short Super Loads, Such as Those prom Wagons, 
Traction Engines and Steam Road Rollers. Let 

Ls=short super load, per unit of length of ditch. 
A=the distance Ls extends along the ditch. 
Ijsp=the load on pipe, per unit of length, due to Ls. 
C^=coefficient of loads on pipes in ditches due to short superloads, Ls. 
V=Average intensity of vertical pressure in the ditch filling at any 

level, per unit of area. 
K=Ratio of lateral to vertical pressure in the ditch filling. 
Ka^The ratio of longitudinal to vertical pressure in the ditch filling, 
^^coefficient of internal friction in the ditch filling. 
y:=coefficient of friction of the ditch filling against the sides of the 

ditch. 
H=height of fill, above top of pipe. 
B=^breadth of ditch, at top of pipe, 
g^base of Naperian logarithms. 

In the case of short super loads, the length of the short section 
of ditch shown in Fig. 17 would be A instead of unity, and the 
ends of the thin, horizontal slice would be subjected to friction 
equal to 2 KaV/tBdH. 

Hence the differential equation would be 

-^fr^ = • — 2Ku^ -^p; — — 2Ka/A —1—, and the final result 
V B A 

would be 

Lsp = CsLs • • • 
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Where C 



H H 

2K/4.' — + 2KaAt — 
SB A 



(6), 
(7). 



The most uncertain factor in equations (6) and (7) is the 
proper value of Ka, the ratio of the pressure parallel to the axis 
of the ditch at any point in the ditch filling to the vertical pres- 
sure. Since the ditch filling is less solid than the ditch, and 
hence yields more readily to pressure, it seems apparent that the 
longitudinal horizontal pressure in the ditch filling at any point 
will certainly be less than the lateral (or transverse) horizontal 
pressure; that is, Ka will certainly be less tlian K. 
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For ditch filling in very loose condition, Ka will probably be 
gjiiall, but will in any case be considerably greater than 0. 

For ditch filling thoroughly consolidated and compacted by 
tixne and by watei*, Ka will probably approach equality, but al- 
\^':ays remain somewhat less than K. 

For Ka ^ 0, Cs becomes equal to Ci, for which values are 

• 

already given in Table No. 9. 

For Ka = V2 K, and for Ka = K, approximate safe values 
of Cs are given in Table No. 10, above, for short super loads, 
of length along the ditch A ^ B, and A :=: JB/10, using the safe 
values for K, /x and fx^ given in Table No. 6, pg. 41. 

Example 2. The wheel of a steam road roller is 22 in. wide 
and carries a load of 8000 lbs. When rolling transverse to the 
street, what load will it impose on an 18 in. pipe sewer, in a 
recently settled ditch, 2V2 ft. wide at the level of the pipe, with 
Ti/2 ft. height of yellow clay filling? 

Solution. The length A of load in this case is 0.73B. The 
value of H/B = 7.5/2.5 ^ 3.O., Assuming that the longitudinal 
pressure in the ditch filling is V2 the lateral, and interpolating 
in Table No. 10, l)etween the values of 0.25 for A =: B, and for 
A = B/10, we find that Cs ^ approximately 0.18. Hence, ap- 
proximately, Lj,p = 0.18 X = 800 lbs. per lin. ft. 

1.00 

XOTE. — The possible effect of cohesion may be taken into account in 
the i^ase of an old ditch, with clay filling, as already noted on pg. 51. 

As illustrating the possible degree of uncertainty in the above 
computed result, due to the fact that we are uncertain as to the 
proper value of Ka, the ratio of longitudinal to vertical pressure 
in, the ditch filling, we may note that in Example 2, 

for Ka = 0, Cs ^= 0.45, approximately (See Table No. 9.) ; 
for Ka = 1/2K, Cs = 0.18, approximately (See Table No. 10) ; 
for Ka = K, Cs =^ 0.10, approximately (See Table No. 10). 

Evidently calculations made by formulas ^(6) and (7) and 
Table No. 10 are not very reliable, and there is great need of a 
series of tests of- the actual loads on pipes caused by short 
super loads, but such tests would be very difficult to make, and 
test results are not available. 

In the meantime formulas (6) and (7) and Table No. 10 will 
be of some value to engineers of good judgment, in assisting 
them to make reasonable safe allowances for the probable effect 
on the loads on pipes in ditches from heavy concentrated loads 
ou wagon wheels, traction engines, and road rollers. 

In the discussion of Mr. !F^. A. Barbour's paper, ^^The Strength 
of Sewer Pipe and the actual Earth Pressure in Trenches, ' ' read 
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before the Boston Society of Civil Engineers, Nov. 17, 1897,* Mr. 
Henry Manly stated that in seven years experience in running 
steam rollers over recently filled sewer and drain ditches in 
Boston he had encountered very few cases, and those only in 
very shallow ditches, where the pipe had crushed from the effect 
of the roller. Moreover, he stated that when an excavation is 
made in a rolled street the visible effect of the steam roller does 
not extend further than a foot or two below the surface. On the 
other hand, Mr. Harrison P. Eddy, Superintendent of Sewers at 
Worcester, Mass., said: 

''My own exjperience is that sewer pipe breaks, nine times out of ten, in 
shallow trenches, and not in the deeper ones, and I always be- 
lieved it was on account of the extreme ^n-essure put upon the pipe due to 
the lack of protection, from the small amount of material about the ,pipe. ' ' 

Article 20. The Effect of the Shock of Tamping Upon 
the Loads on Pipes in Ditches. There is reliable evidence that 
the shock of such tamping as is commonly prescribed in sewerage 
specifications may often be the determining factor in causing 
cracking. Mr. Jas. N. Hazlehurst, M. Am. Soc. C. E., Atlanta, 
Ga., has described a case occurring in his own experience in *'an 
important southern city, "*'^ where very thorough tamping with 
a 40 lbs. rammer was required in sewer ditches in which a large 
amount of 15 in. to 24 in. cracked pipe was afterwards found, 
under depths 6 to 21 ft., the greatest damage being found in 
ditches of shallow cover. Mr. Alexander Potter, M. Am. Soc. C. 
E., New York, has described an instance in his experience **'^, 
where 24 in. pipe, in a 6 to 8 ft. ditch, cracked much more ex- 
tensively when special pains were taken by the contractor in re- 
filling and ramming. 

Mr. Potter also testifies that he found more cracked pipe in 
shallow, than in deep ditches in the construction of the' 150 miles 
of joint sanitary sewers in New Jersey; but in connection with 
this statement, and that of Mr. Hazlehurst, it should be remem- 
bered that in any average sewer system there is apt to be a 
much greater length of shallow and medium than of very deep 
sewers, and an engineer might fail to recognize this fact properly 
in discussing the relation of cracked pipe to depth. So far as 
weight of refill alone is concerned, there is absolutely no doubt 
that the loads are greatest in the deepest ditch. The effect of 
the shock of tamping should apparently be the same in a shallow 
as in a deep ditch. 

Mg. 18 is drawn to scale to show the conditions in tamping a 
30 in. pipe with 6 in. cover, the ditch affording 6 in. clearance 
each side of the pipe. 

* See Journal of fbe Assofrijjtioii of Enj^ineerins; Societies, Vol. 19, pp. 193-r.41. 
** See Table No. 1, p. 24, lierein, and Municipal Engineering, Vol. 34, p. 293. 
*** See iV'Iuuicipal Engineering, Vol. 30, p. 290. 
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Fig*. 18. Figure Illustrating the Theory of the Effect of the Sliock of 
tamping upon Loads on Pipes in Ditches. 



Let T^ weight of rammer used in tamping. 

Let b^length of one side of rammer. 

Let F^height of fall of rammer. 

Let i^compression of filling material under one blow of rammer at 

the end of the tamping. 
Let Te=^ the maximum i)re£sure on the earth filling resulting from the 

shock of a blow of the rammer. 

The pressure on the earth filling is at the beginning of the 
compression, and averages % Te during the process of compres- 
sion. Hence 
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For a thin depth of cover, especially over a large pipe, prac- 
tically the full pressure Te will be transmitted to the pipe. 
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For greater depth of cover, part of Te will go lb tlie sides 
of the ditch, and only a part will be transmitted to the pipe. In 
such case an area of pipe equal to the area of the rammer, and 
directly under the rammer, ivill probably carry approximately 
the percentage of Tq for different depths of cover given in Table 
No, 10 for K^^K, A — B, and H/B — H/b. The pipe mil 
also carry additional pressure from T^ outside this aretb. 

Example 3. What loads were probably imposed on the sewer 
pipe in the case mentioned l)y Mr. J. N. Hazlehurst (See pg. 
54) where a 40 lbs. rammer on 6 in. cover apparently caused 
some cracking, and was superseded later with success by a 30 lbs. 
rammer on 12 in. cover, the rammer being 8 in. square, and the 
filling material clay? 

Solution. Since the ramming was carefully inspected, and 
was required to be very thorough, it seems reasonable to assume 
that the height of fall was at least 0.5 ft. and that the ramming 
was continued until a compression of about % in. (^0.01 ft.) 

was produced by one blow. Hence Te = 2x40x ' ^= 4000 lbs. 

for the 40 lbs. ranuner. In Table No. 10, we find, for H/B 
H/b ~ 0.5/0.67 = 0.75, Ka = K, A = B, under damp clay, 
that about 62% of Te or 2500 lbs. would be transmitted to an 
area of the pipe 8 in. square, directly under the rammer, witli 
a total shock load on the pipe somewhere between 2500 and 
4000 lbs. 

For the 30 lbs. rammer with 12 in. cover, and perhaps 0.015 
ft. compression under the final blow, Te ^^ 2000 lbs., with 38%, 
or 800 lbs., transmitted to an area of the pipe 8 in. square, 
directly under the rammer, and some further pressure outside 
this area. 

From these results it is apparent: First, that the 40 lbs. 
rammer on the 6 in. cover may readily have caused some crack- 
ing of the pipe; second, that the 30 lljs. rammer on the 12 
in. cover was probably not much, if any, more than one-third as 
severe on the pipe. 

The authors have recently obtained and studied 28 sets of 
sewer specifications, covering 22 of the principal cities of the 
United States and the practice of six leading sanitary en- 
gineers. "We find the requirements as to tamping generally to 
be lacking in definiteness. Only four specifications gave the 
Weights of rammer, and these ranged from 12 to 30 lbs. Four 
specifications required 12 in. cover, one 9 inches, eight 6 inches, 
one 5 inches, and one 4 inches. Two prominent cities require 
that the filling material shall be carefully pounded, in 6 in. 
layers, with a 30 lbs. rammer in one city, and 25 lbs. in the other. 
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.^riiich we believe to be dangerous treatment of filling nearer 
^li^n 12 in. to the pipe. 

We believe the best specification we have seen for tamping 
material within the danger distance from the pipe to be that 
credited in ** Sewer Specifications," Clay Products Publicity 
pureau, Kansas City, Mo., to Hering & Puller, of New York. 
This reads as follows : 

''Suitable material shall be filled in and bronglit np evenly on botli 
sides of the sewer pipe, and carefnlly sliovel-tamped, or rammed with a 
^qoI having a face about 1^/^x5 in. and weighing 5 to 7 lbs., so as not 
^o disturb the pipe joints, at the same time making the filled trench thor- 
oughly compact, until the filling reaches one foot above the top of the 

sewei . 

<'When the back filling has been carried to one foot above the top of 

f\iG sewer it shall be thoroughly rammed with ramming tools having faces 

of 25 to 36 sq. in., and weighing (not less than) 20 lbs. ^' 

We would cut out the words '^not less than'\ in the last line 
of the above specifications. 

It should be remembered that the danger of cracking pipe by 
tamping increases greatly as the weight of the rammer increases, 
\rhile the same consolidation can be secured by a greater number 
of blows from a lighter rammer with a smaller face. 

Article 21. The Effect of Ditch Sheeting Upon Loads on 
Pipes in Ditches. Ditch sheeting is used so extensively in 
seWer anid drain construction, in order to prevent caving, that 
the question of its effect upon- the loads on pipes in ditches is of 
considerable importance. 

Smooth vertical sheeting in place, ivith all inside braces and 
rangers omitted, or removed before reiilling above them, looiild 
increase the load on the pipes beyond that of an nnsheeted ditch 
in similar soil, by decreasing the side friction^ ivhose coefficient 
is [if , as appears in Table No. 5, pg. 40. The same fact was 
shown experimentally by Barbour, as will appea.r by comparing 
his experiments Nos. 2 and 3, given in Table No. 14, pg. 81, 
hereinafter. In this cafee the increase in pressure was. 11%. We 
would estimate that in the average actual ditch the increase in 
the loads on, the pipe due to smooth vertical sheeting left in 
place in the ditch might be 8 to 15% of the loads from the 
freshly deposited granular fillings materials. 

The above may be considered the ordinary case when the sheet- 
ings is left permanently in place. 

In case the ditch should be refilled without removing the in- 
side braces or rangers, the rangers would prevent sliding of the 
filling in actual contact with the sheeting, and substitute an in- 
ternal f rictional resistance along the vertical plane of the inside 
surface of the ranigers. Hence, when the ditch is refilled ivith 
sheeting in place, supported by lines of horizontal rangers, the 
loads on the pipes in the ditches shoidd be about the same as 
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in imslieeted ditches. Barbour's Experiment No. 6, given in 
Table No. 14, pg. 81, hereinafter, demonstrates the truth of 
the above statement. In fact the rangers would have the effect 
of decreasing the width of the ditch, and so would actually de- 
crease the load on the pipe, as also appears in Barbour's Ex- 
periment No. 6. 

The effect of the removal of the sheeting upon the loads on 
pipes in ditches is an, important question, concerning which we 
have as yet no experimental evidence. There are two cases for 
consideration : 

First, ivhen the sheeting is removed, during or soon after re- 
filling ivhile the filling materials are still in a grannlar condition. 
It seems to us plausible to surmise that, as the sheeting planks 
are pulled one by one, the granular filling materials will read- 
just themselves, so that there will be little effect upon the load 
on the pipe. 

Second, in the hnprohdble case that the sheeting shoidd be 
left in place for a ve7'y long time, until the filling materials be- 
come thoroughly consolidated, and until cohesion has developed 
in them to the greatest possible extent, then, in the case of clay 
filling, it seems to us plausible to surmise that pulling the sheet- 
ing might have the effect of practically cutting connection be- 
tween the filling and the sides of the ditch, greatly increasing 
the load on the pipe, and perhaps even making it practically 
equal to the entire weight of the ditch filling. This contingency 
is entirely dependent upon the development of strong cohesion 
in the ditch filling, and could not occur witli sand filling. 

The effect of settlement of the sheeting lohile still in place 
after the refill is of some interest, though such settlement is, 
perhaps, not very apt to occur. Any such settlement, of ap- 
preciable amount, would materially increase the load on the pipe 
in the ditch, for it removes, or at least reduces, the side support, 
which ordinarily carries a quite large part of the weight of the 
filling. Barbour's Experiment No. 4, and his super load ex- 
periments, both as given on pgs. 81 and 82, hereinafter, show 
abnormal results which seem to us most readily explainable 
on this principle. 

Finally, with regard to the effect of ditch sheeting upon loads 
on pipes in ditches, after careful consideration, loe believe that 
the values of '^C^' and of the ordinary safe maximum loads on 
pipes in ditches, given in Fig. 15, and Tables Nos. 7 and 8, will 
provide safely for all probable ordinary effect of ditch filling, 
except ivhen the sheeting is left permanently in place, in ivhich 
case the estimated maximum loads shoidd be increased 10% to 
15%. 

Article 22. The Effect of Consolidation of Ditch Pill- 
ing* Materials, and of Variations in Their Consistency by 
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Tamping, Flooding, Weather aiad Time, Upon the Loads on 
pipes in Ditches. The theory of loads on pipes in ditches 
which has been developed in this chapter is based on the pirin- 
ciple that for freshly deposited granular ditch filling materials, 
and others without cohesive strength, the pipe must carry the 
entire weight of ditch filling materials above it, within the 
breadth B, except such part as is carried by side frictional re- 
sistance. The actual weighings of the loads on pipes in ditches 
in the tests which are yet to be described in Chapter IV of this 
Bulletin will demonstrate the correctness of this theory, and of 
formulas (1) to (5) resulting from it. 

;-:■:. 

With the passing of time after the refilling of a ditch is com- 
pleted, however, the constitution of the ditch filling changes, and 
aifects its properties in such a way as certainly to change the 
load resting on the pipe. It is the object of this article to in- 
quire into the nature of these changes, and their effect upon the 
loads on pipes in ditches. 

FIRST: Ditch filling materials may he consolidated during 
construction by ramming or flooding, and they tend to consoli- 
date after construction by flooding and time, in such a loay as 
greatly to increase their iveights per cubic foot. Any such in^ 
crease in the unit iveights per cubic foot loill increase the loads 
on the pipes in proportion to the iveights per cu. ft. Except in 
the case of clean sand or gravel filling, however, the consolidation 
mil develop a cohesive resistance, which for most of the time mil 
offset the increase in load, at least in part. „ , 

SECOND: Consolidation of the ditch filling materials, con- 
sidered apart from the temporary softening effect of any water 
saturation causing it, ivoidd probably slightly decrease the fric- 
tional resistance and thereby slightly increase the loads on pipes 
in ditches, as clearly indicated in Fig, 14, Except in the case 
of clean sand or gravel filling, however, such consolidation will 
certainly be accompanied by the development of a cohesive re- 
sistance, which will more thanj offset any increase from the 
change in friction. 

THIRD: Consolidation of the ditch filling materials, con- 
sidered apart from the temporary softening effect of any water 
saturation causing it, and except in the case of clean sand or 
gravel filling, will be accompanied by the development of co- 
hesive strength, or ability to resist shearing stresses independ- 
ent of lateral pressure. The development of this cohesive 
strength, including cohesion of the ditch filling to the sides of 
the ditch, together with the shrinkage of the filling materials as 
they consolidate with time, materially relieves pipes in ditches, 
tts time passes, from the loads they carry when the ditches are 
n'eshly filled, and from, the vvaximmn loads which may develop 
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later from sahtration by flooding and from increase in unit 
iveight of ditch filling. 

This principle seems clearly demonstrated by the fact that 
in all our actual weighings of loads on pipes in ditches, re- 
ported in Chapter IV, hereinafter, the loads on the pipes ma- 
terially decreased with the lapse of time after the filling was 
completed, and became much smaller than can be explained by 
the highest possible frictional resistance alone. 

FOURTH: Softening of the consistency of the ditch filling 
materials by saturation' ivith ivater from flooding, from time to 
time, loill iveaken and perhaps destroy cohesive strength, and 
decrease fHctional resistance, and will thereby matenally in- 
crease the loads on pipes in ditches, the increase gradually disap- 
pearing as the filling material dries out again. We believe that 
the maximum loads on pipes in ditches, from the iveight of 
ditch filling, ivill ordinarily occur at the time of the first very 
thorough flooding of the ditch after refilling is completed, for 
then there lodll be a material settlement of the filling material, 
iveakening the junction with the sides of the ditch, ivhile this 
junction is at the same time being lubricated ivith ivater. Row- 
ever, it is entirely possible that the maximum load might occur 
at a later date, due to an extreme saturation of the filling ma- 
terial at the time of some later and greater flood. After the 
maximum load has occurred, the load on 'the pipe in the ditch 
will again gradually decrease, owing to the re-development of co- 
hesive strength and increased frictional resistance. 

These are the phenomena shown in the actual weighings of 
the loads on pipes in ditches, reported in Chapter IV, hereinafter. 

However, we were unable to saturate the materials in our ex- 
periments as thoroughly as w)e believe they are liable to be 
saturated under actual field conditions, owing to the fact that 
we were testing only a few feet length of pipe, and our ditch 
was open from top to bottom at each end of the test section, 
thus affording very open drainage to the ditch filling. 

We have platted some points from our experiments on Fig. 15, 
and it will be seen that they fall a little short of the safe 
values of *'C" assigned for saturated yellow clay, the ditch 
filling used. 

We- believe the safe values of * ' C " given in Table 7 and Fig. 
15 to be large enough to provide safely for the ordinary maxi- 
mum loads en pipes in ditches due to weights of ditch filling. 

In confirmation of this. Table No. 15, pg. 84, hereinafter 
shows that all knowin cases of cracking of sewer pipes in ditches 
for which definite data are available can be accounted for in 
comparison with the strength of the same or similar pipe, b}^ 
loads computed by formulas (2) and (3), and Fig. 15, 
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In further confirmation, Table No. 16, pg. 87, hereinafter, 
shows that in numerous cases pipe are standing sound in existing 
ditches, which would certainly crack if the maximum loads on 
them were much greater than those computed by formulas (2) 
and (3) and Fig. 15. 

In confirmation of our general conclusion, stated above, as to 
tlie time and mode of occurrance of the maximum loads on pipe 
in ditches, we quote the statement of Mr. Alexander Potter,* en- 
dorsed by Mr. J. N. Hazlehurst/*^ that : 

"From examination of constructed lines of pipe sewers, it is almost cer- 
tain that if a pipe line ruptures at all it w\\\ do so at the time of the 
first heavy rain stonn after the trench has been comj^letely back filled, 
provided the frost is out of the ground when the rain occurs.'' 

Article 23. The Probable Effect of Freezing Upon Loads 
on Pipes in Ditches. It has been suggested that freezing and 
thawing may have an important effect, in cold climates, upon 
tlie loads on pipes in ditches which do not extend far below the 
frost line. 

There is authentic evidence that drain tile have cracked, in 
freezing weather, during winter construction work, with only 
a foot or two of earth thrown on them from the bottom spading. 
In one instance several tile cracked over night without any 
covering whatever. 

In these cases there was little or no space between the sides 
of the tile and the sides of the ditch, and frozen clods of earth 
would probably make a solid connection. 

Undoubtedly, the explanation of the cracking is horizontal ex- 
pansion of the freezing sides of the ditch against the sides of 
the drain tile. 

The remedy is to cover the tile deeper. 

We have no evidence that freezing will increase the vertical 
pressure on) drain tile or sewer pipe in ditches, and we do not 
believe it likely to do so. 

Article 24. Recapitulation of the General Principles of 
the Theory of Loads on Pipes in Ditches, In closing Chapter 
III, it may be well to recapitulate briefly the general principles 
of the theory of loads on pipes in ditches, as it has been de- 
veloped therein. 

1, The iveight of the fillhig in a drainage or sewerage ditch, 
AT TEE TIME OF MAXIMUM LOAD ON THE PIPE, is car- 
ried: partly hy the pipe, and partly hy fHction against the sides 
of the ditch. Cohesion greatly reduces the loads carried by the 
pipe at ordinary times, after the ditch is refilled and partly con- 
s$lidated, except in the case of clean sand, or gravel filling, hut 
does not appreciably affect the MAXIMUM loads. 



* Mimicipal Engineering, Vol. 30, p. 290. 
** Municipal Engineering, Vol. 34, p. 293, 
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i. The maximum loads on pipes in ditches, due to the weight 
of ditch fiUiivg materials, will usually occur at the time of the 
first very thorough surface flooding of the ditch filling after 
construction, when there is a large settlement of the refill, but 
there is possibility of their occurring later, ai the time of ex- 
treme saturation of the ditch filling, by surface flooding of the 
ditch and by overcharging of the drain or sewer, ^he maximum 
loads may even be postponed for many years in some cases, as is 
frequently shown by settlement of the filling in old ditches dur- 
ing paving cmistmction, 

3, Safe values of the ordinary maximum loads on pipes in 
ditches, due to the weight of ditch filling materials, can be com- 
puted by formula (2), pg. 33, using the values of ^^C" given 
in Table No, 7 and Fig. 15, pg, 45, or, more conveniently can 
be estimated directly from Table No, 8, pg, 46. The above 
formtdas have been vei^ completely checked by actual weigh- 
ings of loads on pipes in ditches, whose restdts are given in 
Tables Nos, 11 and 12, pgs, 71 and 74, 

4, In calculating the maximum loads on pipes in ditches, due 
to the wieight of ditch filling, by formulas {2) and (3), Fig, 15 
and Tables Nos, 7 and 8, the value to use for H is the height op 
the filUng above the top of the pipe, and the value for B is the 
breadth of the ditch a little below the top of the pipe. The 
width of the ditch above the pipe makes practically no differ- 
ence in the load on the pipe, which is just as great for a vertical 
ditch as for one several times as wide at the top, but of the 
same width a little below the top of the pipe, 

5, IN DITCHES OF PROPORTIONS CUSTOMARY IN 
ACTUAL WORK, the diameter of the pipe used in any par- 
tictdar ditch, of a fixed, given width, makes practically no dif- 
ference in the load on the pipe. A 12 inch pipe will have to car- 
ry the same load as an 18 inch pipe, if both are placed in ditches 
2 ft. wide, under other similar conditions, (See experiments 
Nos, 2 and 3, pg, 71), 

6, The width of the ditch a little below the top of the pipe 
makes a great difference in the load on the pipe, which is very 
much heavier for wide than for narrow ditches, {See Table No, 8, 
pg, 46. Also' see the case of the 16 inch tile in District No. 
29, Sac Co., Iowa, which cracked in a ditch 3.0 ft, wide, see 
pg. 84, but remained sound in a ditch 1.7 ft, wide, see pg. 
87, both under 8 ft, of fill. The calcidated load was 2100 
lbs, per lin, ft, in the first case, and only 1000 lbs. per lin, ft, in 
the second case), 

7, In case a wide ditch is necessai^ for constructive reasons, 
the load on the pipe can be diminished greatly, in firm soil, by 
stopping the wide ditch a 'few inches above the top of the pipe. 
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and digging in the 'bottom the narrowest ditch practicahle to 
receive the pipe, making hell holes at the side for the sewer pipe, 
if necessary, 

8, The loads ons pipe in ditches, due to the weight of ditch 
filling, increase for greater depths of fill, bttt the proportion of 
the total weight of filling carried by the pipe decreases as the 
depth increases, and after the depth of fill becomes equal to ten 
times the breadth of the ditch at the top of the pipe there is 
practically no further increase in the load on the pipe for 
greater depths, 

9, The loads on pipes in ditches, due to the weight of ditch 
filling, are directly proportional to the weights per cubic foot 
of the ditch filling materials. Of the common ditch filling ma- 
terials, clay is the heaviest, and black top soil the lightest, sand 
being intermediate. For safe weights per cubic foot, see Table 
No, 6, pg, 41, 

10, Grades or fills built over the surfaces of completed 
ditches, and piles of sand, gravel and other materials having in- 
ternal friction, operate to increase the loads on pipes in ditches 
to the same extent as an equal added height of ditch filling, for a 
breadth of ditch equal to that at a little below the top of the 
pipe, 

11, A SUPER LOAD is any load applied to the upper sur- 
face of the ditch filling, except loads from fills or heaps of 
granular mateHals, A LONG SUPER LOAD is one .extending 
a considerable length along a ditch, as compared with its depth 
and breadth, and may be caused by piles of paving brick, lumber, 
etc., over the ditch. Long super loads on completed ditches 
cause increases in the loads on pipes in ditches by percentages of 
the super load which decrease as depth increases, and safe values 
for which can be computed by formula (4) and Table No, 9, pg, 
50, Formtda (4) has been closely checked by actual weigh- 
ings of the increase pi loads on pipes in ditches due to super- 
loads, whose results are given in Table No, 13, pg, 75, 

12, A SHORT SUPER LOAD is one extending a short dis- 
tance along a Mtch as compared with the breadth and depth, 
and may come from the wheels of wagons, traction engines, 
steam road rollers, etc. Short super loads, on completed ditches, 
cause increases in the loads on pipes in ditches by percentages 
of the super load which decrease as the depth increases, and safe 
values which can be estimated, but not very reliably, by formula 
(6) and Table No, 10, pg, 52, Formula (6) and Table No, 
10 have not been checked by actual weighings of increase of loads 
on pipes in ditches, 

13, Cracking of pipes in ditches is sometimes caused by heavy 
tamping of the filling material over it, or too thin a cover layer. 
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The pressures transmitted to the pipe by tamping with rammers of 
different weights, on cover layers of different thicknesses, may be 
estimated, but *only approximately, by the aid pf formtda (8), 
pg. 55 and Table No, 10, pg. 52. 

14. Ordinary ditch sheeting may cause some increase in the 
loads on pipes in ditches from fresh filling, but does not increase 
the probable maximum loads unless left in permanently. 

15. Freezing, and consequent horizontal expansion of the 
sides of ditches against the sides of the pipe, sometimes causes 
cracking of drain tile and sewer pipe, where they are not covered 
sufficiently deep. 

16. The general effect of the lapse of time after the comple- 
tion of the refilling is to decrease rather than increase the loads 
on pipes in ditches, though the maximum loads, as indicated in 
prin^ciple 2, above, generally do not occur until some time after 
the refilling is finished, and tender certain conditions may not 
occur for many years. 



CHAPTER IV 

TESTS OP ACTUAL LOADS ON PIPES IN DITCHES, AND 

COMPARISON OP CALCULATED LOADS WITH 

STRENGTHS OP PIPES IN KNOWN CASES 

ACTUAL USE 

Article 25. The Necessity of Checking the Theory of 
Loads on Pipes in Ditches by Actual Tests. Mathematical 
theories are of value in engineering only in so far as they are 
soundly based on correct experimental data. Hence it has been 
necessary to subject the theory of loads on pipes in ditches de- 
veloped in Chapter III to the test of a careful series of weighings 
of the actual loads on pipes in ditches, and of a careful com- 
parison with the actual observed facts as to failure and sound"- 
ness of pipes in specific ditches under actual use. 

It is the object of Chapter IV to give all obtainable results of 
such tests of the theory of loads on pipes in ditches. 

Article 26. General Plan of Tests at Ames of Actual 
Loads on Pipes in Ditches. We can find record of only one 
previous attempt to make actual tests of the loads on pipes in 
ditches, namely, that by Mr. F. A. Barbour, Boston, 1897, which 
\Yr^ called to our attention after our own tests were well under 
way, and which will be described and discussed later, in Art. 31, 
pgs. 79 to 83. Mr. Barbour's tests were made in such a way. 
as we shall demonstrate in that discussion, as to have led 
him to very erroneous conclusions, both as to the actual amount, 
and as to the general laws of loads on pipes in ditches. 

We early decided that it was necessary for us to undertake an 
xtensive series of tests of the actual loads on pipes in ditches. 

In planning these tests it was decided to test the loads on actual 
drain tile an^d sewer pipes, placed in ditches dug to imitate 
closely actual practice in Iowa in drain tile and sewer construc- 
tion, so that there might be no question as to the correspondence 
of the loads with those in actual use. To make absolutely certain 
that the method used for supporting the ends of the section 
tested did not affect the loads on the pipe, it was decided to run 
tests on/ two sections, one more than three times the length of 
the other, because if there were any such appreciable effect it 
would certainly make the result for the short section differ ap- 
preciably for the same heights of fill from those for the longer 
section. 



^^ 



66 



It was also decided to try pipes of different diameters, from 
12 in. to 36 in. inside diameter, in ditches of different widths, 
from 1.5 ft. to 4 ft., and) of different heights of fill above pipe, 
from to 17 ft. 

Two tests were planned with pipes of different diameter in 
the same ditch. 

One test was planned of a ditch with sloping instead of 
vertical sides. 

n 

Two tests were planned of the effect of heavy super loads of 
pig iron, on top of different heights of fill. 

Tests were planned of the variation of the loads on the pipes 
with the lapse of time after completing the fill. 

Tests were also planned of the effect of saturation of the ditch 
filling upon the loads on the pipes. 

It was decided that in all these tests the loads on the pipes in 
the diicbes should be actually weighed, by supporting the pipes 
from, a^&ystem of levers leading to a platform scales. 

Article 27. Description of Apparatus Used at Ames in 
Tests ot Actual Loads on Pipes in Ditches. The apparatus 
used in; our tests is shown in cross section in Pig. 19. 

Solid concrete foundations were constructed each side of the 
experimental ditch, far enough away to avoid danger of inter- 
ference with or from the ditch. On these was placed a substan- 
tial system of steel I beams and levers, from which the pipes in 
the ditch were hung, a short distance above the bottom of the 
ditch, by vertical rods, which at their lower ends carried solid 
wooden beams passing through the pipe and shaped to fit it. The 
system of levers from which the rods were hung had all its ful- 
crums in the same horizontal plane, and ended on a support on a 
platform scales. These were balanced before any filling was 
placed, and the weight on the pipe could be readily determined 
from the initial' and actual readings, and the ratio of lever arms. 

The ends of the section of earth filling were maintained ver- 
tical planes by planking, which did. not quite touch the sides 
of the ditch, and had no support from below. The two systems 
of planking for the two ends were held together by horizontal 
rods which did not touch any other part of the apparatus. At 
the beginning of each test the end planks were held up by 
wires attached to the system of levers above, but these wires 
were cut during the experiment when sufficient filling had been 
deposited to make this safe. After such cutting, the end plank- 
ing had no vertical support from below or above or the sides 
of the ditch. Thus they could not affect the loads on the pipe 
in the ditch, and that they did not do so was proven by making 
some tests of section^ of pipe only 2.1 ft. long, for comparison 
with the regular tests of sections 6.75 ft. long. The comparison 
showed no appreciable difference in the unit loads for the two 
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Fig. 19. Cross Section of Apparatus Used at Ames, for Weighing the 
Actual Loads on Pipes in Ditches. 



68 



lengths, for equal heights of fill, whereas, if the end planking 
had affected the loads on the pipe appreciably, it would cer- 
tainly have made a much greater proportional difference for the 
2.1 ft. than; for the 6.75 ft. sections. 

The apparatus described above wias found to work very satis- 
factorily during the experiments. 

Article 28. General Description of Tests at Ames of Ac* 
tual Loads on Pipes in Ditches. The experiments with the ap- 
paratus just described in Art. 27, began about August 1, 1911, 
and continued till March 25, 1912, though the bulk of the work 
w<as completed Dec. 23, 1911. 

Some preliminary experiments were first made with a shallow 
ditch, a section of pipe only 2.1 ft. long, and with comparatively 
light and simple weighing apparatus, such as illustrated in 
Fig. 20. 

These experiments proving successful, the ditch was enlarged, 
and the more substantial weighing apparatus shown in Pig. 19 
was installed. 




Yig. 20. Surface View of Apparatus Used in Experiment No. 1 for 
Weighing the Actual Loads on Pipes in ditches. Much More Heavy and 
Substantial Apparatus was Used in Larger Experiments, as Shown in 
Fig. 19. 

It was found necessary to protect the ditch from the weather 
by a tent during the experiments, to prevent caving of the 
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sides. Considerable ground water seeped into the ditch, and 
was, in general, pumped out daily. 

The experiments proceeded in the order they are numbered in 
Tables Nos. 11, 12 and 13. 

The ditch finally became 24 ft. deep by 4.15 ft. wide, by 
about 20 f t. lon'g. Tests were made of the weight in place of 
the soil encountered. (See Table No. 3). Below the black top 
soil, yellow clay was found to «, depth of 16 ft., below which 
came blue clay ; both were fi rm and solid. 

During each experiment several determinations were made 
of the coefficient of internal friction //., of the filling material, 
and of the coefficient \xf of its friction against the sides of the 
ditch. (See Tables Nos. 4 and 5, and 11 and 12). These de- 
terminations of friction were made with the simple, home made 
apparatus shown in Pig. 13. 

The ditch filling was simply dropped into the ditch in each 
case, none of it being rammed. 

All ditch filling deposited in the ditch was weighed in each 
experiment, and the corresponding loads per cubic foot were 
computed from the volume of ditch filled. Some additional 
measurements of weights pei^ cubic foot were made on removal 
of the filling, using our regular apparatus for such work. (See 
Tables Nos. 2, 11 and 12.) 

More variation was found in the properties of the ditch filling 
material from time to time than was anticipated, since it all came 
from the same ditch. 

After completing the fill in each experiment, the variation of 
the loads oni the^ pipe from day to day was watched, as long a 
time as could be spared before beginning the next experiment. 
We were considerably surprised to find, as we soon did, that the 
load decreased rather than increased as time elapsed after filling, 
and it was 'intended to* observe the load on the pipe in Experi- 
ment No. 9^ the last, throughout the winter of 1911-12, and the 
spring of 1912, but when the frost went out of the frozen sides 
of the open ends of the ditch, at the end of March, these open 
enJds caved in, and wrecked the apparatus. 

In several of the experiments We attempted to saturate the 
ditch filling thoroughly a few days after the filling was com- 
pleted, but we believe we failed to secure very thorough satura- 
tion, owing to free drainage from top to bottom at each end of 
the section of filling experimented with. Hence in Tables Nos. 
11 and 13, we have designated this process a thorough wettinig 
down, rather than a saturation. The result in each case w;as to 
increase the load on the pipe in the ditch, as indicated in Tables 
Nos. 11 and 13. 

The weather during the experiments was normal from Aug. 1 
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to Dec. 1, but the winter following was abnormally cold, with a 
large amount of snow on the ground all the time. 

The ditch was covered by a tent, as already stated, but the 
excavated material was left exposed to the weather. In experi- 
ment No. 8„ there was a tendency for the filling material and 
the sides lof the ditch to freeze slightly at times, and in Bx- 
pieriment No. 9 it was necessary to put a tent warmed by a 
stove over the filling material, and to protect the ditch from 
freezing till the fill was completed. 

Article 29. Results of Tests at Ames of Actual Loads ou 
Pipes in Ditches. The resalts of the experiments described in 
Articles 26 to 28, above, are given in Tables Nos. 11, 12 and 13. 

Table No. 11 conjtains the results of all the regular tests of 
loads on pipes in ditches due to ditch filling, in ditches with 
vertical sides. 

Table No. 12 contains the results of a special experiment to 
determine the actual loads on a pipe in a ditch wider at the 
top than at the bottom. 

Table No. 13, contains the results of two special experiments 
to determine the effect of super loads of pig ironj upon the 
loads on pipes in ditches, at different depths. 
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Article 30. General Discussion of Results of Tests at 
Ames of Actual Loads on Pipes in Bitches, and Comparisonf 
of Tests with Formulas. Tables Nos. 11, 12, and 13 are so 
arranged as to permit a ready comparison of the actually weighed 
loads on the pipes with those calculated by formulas (1) to (5), 
of the theory of loads on pipes in ditches, given in Chapter III. 
Fig. 21 presents to the eye the same comparison in the case of the 
two experiments, Nos. 7 and 9, with deep ditches. 

Both the tables and the diagram show a remarkably close 
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Fig. 21. Diagram Showing Comparison of the Weighings of Actual 
Loads on Pipes in Ditches in Experiments Nos. .7 and 9 with the Calculated 
Loads. 
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correspondence of the actual loads with those calculated by 
the theory. We did not anticipate before the experiments began 
that there would be nearly such close correspondence. 

The Correctness and Reliability op the Theory op Loads 
ON Pipes in Ditches Given in Chapter Three are Evidently 
Demonstrated by the Results op the Tests op Actual Loads 
ON Pipes in Ditches. 

Frictional Properties op Ditch Filling. Evidently what- 
ever unexactness may have existed in the determinations of in- 
ternal side friction, due to variations in the ditch filling ma- 
terials and to crudeness of the apparatus shown in Fig. 13, was 
insufficient to affect materially the calculated loads. Only in 
Experiment No. 7, for which a ditch more than 20 ft. deep had 
been freshly dug through strata of yellow and blue clay, with 
varying iniiltration of ground water at different levels, was 
there any difficulty in securing fair average values of the coef- 
ficients of f riction*, and this difficulty was overcome by increas- 
ing the number of determinations, and by special care in imitat- 
ing the actual ditch conditions. 

'"By referring to Fig. 14, pg. 43, it will be seen that the 
maximum possible value, for granular materials, of K/x', the 
product of the ratio of lateral to vertical pressure by the coef- 
ficient of side fHction, is about 0.193, and that this maximum 
possible value of K/x' gives the minimum loads on pipes in 
ditches possible in the absence of cohesive strength. 

The ditch filling materials used in our experiments varied 
somewhat in their frictional properties from time to time, doubt- 
less from the effect of exposure to the weather, but they gen- 
erally approximated the condition giving minimum loads with- 
out cohesion. Thus, in Experiments Nos. 1, 2, 3, 4, 5, 8, and 
9, the variation of K/x' from 0.193, did not exceed 0.010, (It 
should be remembered that ft should be used instead of f/ 
whenever the latter is the greater.) 

In Experiment No.. 6, however, the value of K/x' was only 
0.144, owing to a stiff consistency which gave lower lateral pres- 
sure, K, while at the same time the side friction ft' was less 
than the internal friction /x. The result was an increase in the 
load on the pipe for full depth of filling of 14%. 

In Experiment No. 7 the value of K/x' was lowered to 0.150 
by a combination of moderately stiff filling materials and a 
rather slippery condition of the lower half of the sides of the 
ditch, due to some iniiltration of ground water into a freshly 
dug ditch 20 feet deep. The result was an increase in the load 
at full depth of 23%. 

It is interesting to note that in each of these two experiments 
Nos. 6 and 7, the actual weighed loads showed increases cor- 
resp<Dn;ding closely to those calculated from the values of K^t'. 
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Cohesion. The results of the experiments show that there 
was little, if any, cohesive resistance until after the filling of 
each ditch was completed. There seemed to be a little lag in 
the development of the load on the pipes as the filling pro- 
gressed, which is best shown oui Fig. 21, by the effect of the 
stops at noon, night and over Sunday. Allowing for such lag, 
practically all the difference between the full weight of the 
ditch filling materials and the loads on the pipe is fully ac- 
counted for in every case by f rictional resistance alone, up to a 
time somewhat later than the completion of the filling. This 
first maximum loading, occurring prior to any wetting down, 
was reached almost immediately after completing the refill in 
Experiments Nos. 1 and to 7, but not till the expiration of 4 
days in the case of the large ditch in Experiment No. 9. 

In connection with the practically entire absence of cohesion 
in these experiments until after the completion of the refill, it 
must be remembered that the filling was not tamped, but was 
simply dropped into the ditch. We believe that heavy ram- 
ming would have developed some appreciable cohesion during 
refill, but we do not believe that such cohesion would have had 
any material effect upon the maximum loads on the pipes 
in the ditches, which are caused later by thoroughly wetting 
down the ditch filling. 

SooB) after the completion of the refill in each of our exper- 
iments, where time tests were made, the loads on the pipe began 
gradually to diminish. That this increase was due to the de- 
velopment of cohesive strength is shown clearly by the fact that 
loads on the pipe soon became less than the lowest possible for 
f rictional resistance alone (i. e. for "Kf/ ^= 0.193). In Experi- 
menit No. 9 the total decrease in 69 days during the winter of 
1911-12 was 58%. The ditch filling was not wet down at any 
time in this experiment, and the ditch was covered by a tent. 

The development of cohesive strength in our experiments was 
most rapid after the ditch filling had been thoroughly wet down. 
Thus, in Experiment No. 3, the maximum load on the pipe was 
caused by thoroughly wetting down the ditch filling, and was 
then reduced 33% in 6 days by the development of cohesion. 

The Effect of Wetting Down the Ditch Filling. As al- 
ready stated, our attempts to saturate the ditch filling thoroughly 
by flooding in each case were not entirely successful, owing to 
the free drainage at each open end of the ditch. We have desig- 
nated the results thorough ^ ' wetting down, ' ' rather than satura- 
tion or flooding. 

Each thorough wetting down resulted in a corresponding max- 
imum load on the pipe in the ditch, much higher than the 
previously existing load, but we believe not as high as would 
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have resulted from more thorough saturation, in a ditch without 
such free drainage. 

After each wetting down the maximum load produced thereby 
decreased rather rapidly as the water drained away, due to the 
redevelopment of cohesive resistance. 

A second and third wetting down would again cause a tem- 
porary increase in the load on, the pipes, but not usually to so 
large a value as tliat produced by the first, after which the loads 
would again decrease. *» 

In Experiment No. 9, the saturation of the filling and ground 
from the spring thaw was causing a gradual increase of the load, 
3 months after the ditch was filled, when the apparatus was 
wrecked. 

The Phenomena op the Variation of Loads prom Cohesion 
AND OP Maximum Loads Due to Flooding and Saturation 
WERE Just as Already Discussed in Article 22. 

We have platted on^ Fig. 15 the values of ^'C" at the time of 
the maximum • loads produced by wetting down the ditch filling. 
It w^ll be seen, by comparing these points with the curve of 
*'C for saturated clay, that our safe values for *'C" in Tables 
Nos. 7 and 9, and Fig. 15, were made somewhat larger, to allow 
for probable more thorough saturation of the ditch filling ma- 
terials from surface flooding, or from over charging of drains 
and storm sewers. 

Article 31. Tests by F. A. Barbour, Boston, Mass., 1897, 
of Actual Loads on a Platform in a Ditch, with Discussion 
of Results, and Comparison with Formulas. We have al- 
ready made mention of some tests by Mr. F. A. Barbour, in 
1897. These were reported in a paper read before the Boston 
Society of Civil Engineers, printed in full in the Journal of the 
Association of Engineering Societies, Vol. 19, pgs. 193-241, De- 
cember, 1897. 

Mr. Barbour's experiments, six in number, were all made with 
a horizontal, wooden, weighing platform, supported on an hy- 
draulic cylinder, and placed 8.8 ft. below the top of a ditch. 
The ends of the platform were sheeted vertically to the top of 
the ditch, and the sides were sheeted vertically to 3 in. above 
the platform. • 

While the end sheeting makes a material difference, it is 
easily possible to derive a mathematical formula for the loads 
on the platform. By a process similar to that already given on 
pg. 32, we find. 
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Where A^lengtli, and B^=^ breadth of platform, and E^^^the mean hydrau- 
lic radius of a horizontal section of the prism of ditch filling over the platform. 
The other mathematical notation is the same as already given on pg. 32. 

The coefficients of internal and of side friction of the ditch 
filling material were not measured by Mr. Barbour. Fortunately 
sanid was used for five out of the six experiments, and does not 
vary so much in its frictional properties as do other materials. 
From a careful study of Tables Nos. 4 and 5, we may assume 
Kju,' ^ 0.193 for sandy loam, K = 0.35 for sand, /Jt = 0.55 for 
sand, and ix! = 0.46 for side friction of sand on ** smooth'' ver- 
tical sheeting. 

EXPERIMENTS NOS. 1 and 2. In these the ditch widened to 4.0 ft. 
afc the top of the side sheeting, and then sloped unsheeted to 6.0 ft. ^ide at 
the top. 

EXPERIMENTS NOS. 3 and 6. Ditcli sheeted vertically on both ends 
and both sides from bottom to top, around platform about 5.2 ft. by 3,2 ft. 
In Experiment No. 3 the sheeting was smooth. In Experiment No. 6 ' ' pieces 
of boards aud planks were nailed to the sheeting in various ways to in- 
crease friction''; hence the filling would yield along the inside of these 
pieces, around a space abou|t 5.0 ft. by 3.0 ft., and internal friction of the 
filling would be substituted for side friction against the sheeting. 

EXPERI]\'IENT NO. 4 was made on a ditch with sloping sheeted sides, 
and gave abnonnally high and irregular results, as shown, by Mr. Barbour 
in his Fig. 3. We believe the cause to have been a slight settling qf the 
sloping sheeting, under the ramming and the weight of fill. 

EXPERIMENT NO. 5. In this experiment the ditch, above the side 
sheeting extending 3 in. abo\'^e the platform, was dug out to a width of 8 ft., 
wiith vertical unsheeted sides. 

In table No. 14 the agreement between the calculated and the 
actual loads is not so close as in our own tests, given in Tables 
Nos, 11 to 13, but the discrepancies are not very serious, al- 
though we were without accurate data of the coefficients of fric- 
tion to use in the calculations. 

Many of the actual loads in every one of Mr. Barbour's tests 
were somewhat smaller than is explainable on the basis of fric- 
tional resistance alone, which fact seems proof that the tampinig 
of the filling in six inch layers developed some cohesive strength. 
The cohesion seems practically to have disappeared, in the case 
of the sand and gravel, by the time the filling of the ditch was 
completed, owing probably to slight movement of the particles in 
settling as more material was added above and tamping con- 
tinued. 

We do not believe that the small cohesion noted wlould ma- 
terially have affected the maximum loads on the platform which 
would have resulted from thoroughly flooding the filling. 

On the whole, we consider Mr. Barbotir's experiments to af- 
ford strong confirniation of the correctness and general reliability 
of our theory of loads on pipes in ditches as given in Chapter III, 
hereinbefore. 

JMi'. Barbour made some very serious errors in planning and 
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iii|terpreting his experiments, owing almost entirely, as we be- 
lieve, to the fact that the true mathematical theory of loads on 
pipes in ditches was not yet known at that time. 

First, as the final result of his tests he gave, in his Table No. 
6, estimates of the net pressure, in pounds per square foot, of 
earth on pipes in ditches, for different depths, which are very 
badly in error. For example, this Table 6 may be tested by 
applying it to some of our experiments as follows: 

LOAD ON PIPE, liBS. PER LIN. FT. 

Estimated by 
Actually Weighed Mr. Barbour's Error in Bai'bour's 

Table No. 6 Table 6 

Our Experiment No. 2 750 360 — ^52% 

Our Experiment No. 3 ' 720 420 — 42% 

Our Experiment No. 7 '1760 950 — 45% 

Our Experiment No. 9 4050 1850 




The errors in Mr. Barbour's Table 6, are due partly to the 
use of end sheeting in his experiments, partly to his erroneous 
coUiClusiong as to the general laws of loads on pipes in ditches, 
and partly to the use of too low a unit weight of ditch filling. 

Second, Mr. Barbour was entirely in error in concluding that 
the loads on pipes in ditches are proportional to the horizontal 
projections of the pipes, and are not affected by the width of 
the ditch. That these conclusions are wrong is proved by our 
own experiments, and by observations of the cracking of the 
same pipe inj the same ditch in wide stretches, which remained 
sound in narrow.* Mr. Barbour's erroneous conclusions resulted 
from the fact that, in his Experiment No. 5, he began the widen- 
ing of his ditch 3 in. above his weighing platform, whereas, as 
we have shown in Art. 18, pg, 47, the effective width of the 
ditch must be measured a little below the top of the pipe. 

Third, Mr. Barbour was also decidedly in error in concluding 
that the load on a pipe in a given ditch increases in proportion 
to the depth, after a depth of 10 ft. is reached. On the contrary 
the load does not increase nearly in proportion to depth (See 
our Fig. 21, pg. 76, for the results of actual tests to 17 ft. 
depth), and after a depth of 10 times the width of the ditch at 
the top of the pipe is reached there is practically no further in- 
crease at all in the load on the pipe. (See our Fig. 15, pg. 45 
and Table No. 8, pg. 46). Mr. Barbour's erroneous conclu- 
sion as to the effect of depth resulted from a purely empirical 
attempt to extend the curves of results of his tests for a max- 
imum height of fill of 8.8 ft. to greater depths, without any 
knowledge of the true mathematical . law. 

Tests of the Effect of Super Loads, Mr. Barbour made tests 
of the effect of a super load of 3750 lbs. at the conclusion of 
four of his experiments, and concluded that 23.5% was trans- 
mitted to the weighing platform in Experiment No. 2, 30.9% 

* See Tables Nos. 15 and 16, pages 84 and 87 for instances at Charles City, la., 
and in District No. 29, Sac Co., la. 
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in Experiment No. 3, 19% in Experiment No. 5, and 32% in 
Experiment No. 6. It will be seen that these results are widely 
discordant, though the depth of fill, the effective width of the 
ditch, and the filling material were alike in all the experiments. 
The two high results Were for ditches sheeted on all sides, and 
the two low results for end sheeting only. Since the super load 
consisted in each case of 30 granite blocks, averaging 125 lbs. 
weight each, it seems plausible to believe that the trench sheet- 
ing and piossibly the ditch fillings were settled, or at least heavily 
jarred, in placing the super loads. A very slight settling of the 
sheeting would materially increase the load on the platform. The 
calculated percentages of super load which should have been 
transmitted to the platform are 18% for Experiments Nos. 2 
and 5; 24% for Experiment No. 3, and 16% for Experiment 
No. 6. 

Article 32. Comparison of Calculated Loads on Pipes in 
Ditches in the Known Cases of Cracking Under Actual Use 
with the Laboratory Strengths of Similar Pipe. The cor- 
rectness and reliability of the theory of loads on pipes in ditches 
given in Chapter III may be given further test by applying it to 
the cases of failure for which data are given in Table No. 1. By 
comparing the loads so calculated with the actual strength of 
similar pipe when tested in the laboratory, and bedded for the 
tests in a mantoer similar to that prevailing in ordinary ditch 
work, valuable evidence can be obtained on two important 
points : 

First, the reliability of the theory of loads on pipes in ditches. 

Second, whether the laboratory method of bedding the pipes 
in ditches does fairly reproduce ordinary actual fi eld conditions 
in ditches. ' 

Table No. 15, below, has been prepared in this manner. The 
strengths of pipe are taken from Tables Nos. 18 to 21, hereinafter. 
In Table No. 15, the correspondence of the calculated loads with 
the actual strengths of pipe is so close as to demonstrate quite 
conclusively the correctness of the theory and also the correct- 
ness of the method of bedding the pipe. 

There is considerable uncertainty in many of the cases in 
Table No. 15, ^s to the closeness of correspondence of the ditch 
pipe and the test pipe, but in several instances test pipe were 
secured either from the same ditch or from the same factory, 
and in all such cases the correspondence of calculated load and 
actual strength was especially close. 

Article 33. Comparison of Calculated Loads on Pipes in 
Ditches where the Pipes are Known to be Sound Under Ac- 
tual Use with Laboratory Strengths of Similar Pipe. In 

Table No. 16, below, a similar comparison is made between the 
calculated loads and the actual laboratory strengths of similar 
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pipe in all the instances in which we have succeeded in obtaining 
authentic data of the taking up of sound drain tile or sewer pipe 
from ditches, or their inspection, pipe by pipe, from the inside. 

There must be a large amount of information of such cases 
in the private possession of engineers all over the country, and 
we regret that we could not get definite data of many more 
cases. Many to whom we wrote could state general impressions 
to usi, but we could use only cases where reliable men have act- 
ually examined the pipe. 

While in Table No. 16, as in Table No. 15, there is consider- 
able uncertainty of the correspondence of the ditch pipe and the 
test pipe in part of the cases, yet in four cases the test pipe 
were obtained from the same ditch, and in 9 other cases the test 
pipe were from the same factory as the ditch pipe. 

Table No. 16 indicates, though much more extensive data are 
desirable, that a safety factor of 1.65 may usually be suf- 
ficient to insure stability of drain tile and sewer pipe, as to loads 
from ditch filling, under ordinary, favorable ditch conditions. 

It may even occasionally be found that pipe in a ditch are 
sound when developing a strength in laboratory tests no greater, 
or even somewhat less, than the loads in Table No. 8, for the 
maximum loading may sometimes be delayed for many years, 
as is often demonstrated by the settlement of ditch filling in old 
trenches upon flooding or rolling after tlie top crust has been 
removed in paving construction. 

Article 34. General Conclusions as to the Correctness 
and Reliability of the Theory of Loads on Pipes in Ditches. 

The general results of the tests of loads on pipes in ditches 
given and discussed in Chapter IV may be summarized as 
follows : 

1. The correciness and reliability of the theory of loads on 
pipes in ditches developed in Chapter III, has been demonstrated, 
ivith remarkable closeness, by an extensive series, at Ames, loiva, 
of actual weighings of such loads, on pipes ranging from 12 in. 
to 36 in. in internal diameter, in ditches from to 19 ft, in 
depth. 

2. The correctness of the theory of loads on pipes in ditches 
is also con finned, ivith a fair degree of -closeness, by a seHes of 
tests made by F. A. Barbour, Boston, Mass., in 1897, of loads on 
a plank platform, 5.2 x 3.2 ft., in a ditch 8.8 ft. deep, though 
Mr. Barbour's oivn table for estimating loads on pipes in ditches, 
and his omn conchisions as to the general laws of such loads, 
are very seriously in error. 

3. Cohesion has no appreciable effect upon the MAXIMUM 
loads on pipes in ditches, ivhich occur at times ivhen cohesion has 
been destroyed by saturation, but cohesion greatly diminishes 
the ORDINARY loads, between times of saturation. 
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4, The theory of loads on pipes in ditches given in Chapter III 
checks closely with the tabtdated data of actual failures of pipes 
in ditches, when comparison is made between the calcidated loads 
and the laboratory strengths of similar pipe. 

5, The close correspondence of calcidated loads arid labora- 
tory strengths of similar pipe in the tabidated cases of failure of 
pipes in ditches also proves that the Iowa standard method of 
testing the bearing strength of dizain tile and sewer pipe de- 
velops jnst about the same strength in laboratory tests which the 
same pipe develop in ordinary actual ditch conditions. 

6, Care fid comparison of calcidated loads with laboratory 
strengths of pipes ascertained by actual examination to be sound 
in actual use in ditches indicates that a safety factor of 1,65 will 
be sufficient to injure stability against cracking, imder ordinary, 
favorable ditch conditions, but more data are needed to settle 
this point. 



CHAPTER V 

STANDARD METHODS FOR tESTING DRAIN TILE AND 

SEWER PIPE 

Article 35. Tlie Bedding and Loading of Drain Tile and 
Sewer Pipe Under Actual Ditch Conditions^, and in Stand- 
ard Laboratory Tests. We have already shown in connection 
with Pig. 10, pg. 26, and Pig. 11, pg. 30, that the typical 
field bedding and loading of pipes in ditches are such that their 
effect on the pipe can be reproduced with practical exactness in 
laboratory tests by bedding the pipes in sand during the tests 
for 90 degrees of the circumference at the bottom, and also for 
90 degrees at the top. 

Pig. 22 shows the ordinary field conditions of bedding and 
loading still more clearly. The tile shown is 36 in. internal 
diameter. 

Pig. 23, is a photograph taken on the same drain as Fig. 22, 
at a point where the utmost care had been taken, under the im- 
mediate direction of the pipe manufacturer, in bedding the bot- 
tom of the pipe and firmly tamping the side filling around the 
pipe, in an attempt to prevent the cracking which was occurring 
elsewhere along the drain under about 5 ft. depth of fill. This 
extra care did not prevent the cracking of the pipe under 9 ft. 
of fill, although it did enable the pipe to carry a somewhat 
greater depth of filling than the ordinary bedding shown in 
Pigs. 10 and 22. 

The fact that the most careful tamping of the side filling 
around the pipe will not keep pipe from cracking has been noted 
in numerous other cases of cracking during construction. The 
reason for this fact is plainly apparent in Table No. 25, pg. 150, 
hereinafter, in which it appears that the maximum elongation up 
to the breakir^ point at each end of the horizontal diameter 
at the mid height of a drain tile or sewer pipe is usually only 
about 1/50 inch, or less, even for pipe as large as 36 in. diam- 
eter. The compression of the side earth filling resulting from 
this insignificant elongation is too slight to develop any side 
resistance large enough to help materially in preventing crack- 
ing. 

The fact that bedding test pipe in sand for 90 degrees of the 
circumference at the bottom, and the same amount at the top, 
does reproduce ordinary actual ditch conditions with substan- 
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Fig. 22. Photograph Showing Typical Actual Field Conditions of Bedding 
and Loading of Pipes in Ditches. 

The bottom of the pipes are bedded for about 90 degrees of the circum- 
ference. There is practically no side support. The load of ditch filling 
material is supported mainly by the top 90 degrees of the circumference. 

Photograph was of the pipe being laid when the photographer came upon 
the work without previous notice. 
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Fig. 23. Photograph Showing the veiy Best Possible Bedding of Pipes 

in Ditches. 

The bottom of the ditch has been shaped to fit the 36 in. pipe and the 
bottoms of the pipes bedded in a layer of granular material. The side filling 
has been carefully tamped around the pipe. 

In spite of this care in laying all the pipe cracked under about 9 ft, 
of fill. 
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tial accuracy in laboratory tests is shown conclusively in. Table 
No. 15, by the close correspondence of calculated actual loads 
with laboratory strengths of pipe from the same ditch or fac- 
tory, or similar pipe, in all cases of actual cracking in ditches 
of which definite data could be secured. 

Article 36. The Mathematical Theory af the Stresses 
in Drain Tile and Sewer Pipe, Due to Actual, Ordinary 
Ditch Filling, and to the Loads Applied in Iowa Standard 
Laboratory Tests of Bearing Strength. Fig. 24 shows the 
approximate distribution of the loading on a drain tile or sewer 
pipe, in the ordinary ditch, and in the Iowa standard method 
of testing the bearing strength. The distribution of loading is 
only approximate. Probably the actual load is somewhat heavier 
at the center than at the edges of the 90 degrees strip of cir- 
cumference which takes practically all of the weight at the top 
and at the bottom, and, on the other hand, there will be some 
horizontal components of pressure which will slightly offset cen- 
tral concentration. 

In Fig. 24, the stresses in the shell of the pipe are greatest at 
points and 4, though not much greater than at points 2 
and 6. 

Let W^total weight of ditch filling, or laboratoiy applied load, causing 
cracking of the pipe, plus % of the weight of the pipe itself, both in pounds 
per foot of length of pipe. 

NOTE. — ^Mathematical analysis shows that the weight of the pipe causes 
only % as much bending moment at point as does an equal weight of 
earth. 

Let R=the radius of the pipe, measured to the middle of line of the 

shell, in inches, 
t^the thickness of the pipe shell, in inches. 
Mo^the bending moment at point 0, wi inch lbs. per inch of length, 

(which practically equals moment at point 4), 
Mo^the bending moment at points 2 and 6, in inch lbs. per in of 

length. 
To=the total thrust at points and 4, in lbs. per in. of length. 
To^the total thrust at points 2 and 6, vi lbs. per in. of length. 
Soothe total shear at points and 4, in lbs. per in. of length. 
Soothe total shear at points 2 and 6, m lbs. per in. of length. 
Po=the modulous of rupture, or nominal, tensile breaking stress in the 

material of the pipe shell, at points and 4, in lbs. per sq. m. 

Equations for the moment, the thrust and the shear at any 
point in the pipe shell are readily derived by methods first pub- 
lished for flexible rings, so far as we are aware, by Mr. E. J. 
Fort, now Chief Engineer of Sewers for Brooklyn, N. Y., and Mr. 
C W. L. Filkins, in the Journal of the Association of Engineers 
of Cornell University, Vol. IV., 1895-6. Messrs. Port and Fil- 
kins analyzed the case of a flexible ring, resisting tivo equal and 
opposite concentrated loads, applied radially at the tivo extremi- 
ties of a diameter. 

Their analysis of this case has been republished in various 
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Fig. 24. Diagram Illustrating the Calculation of the Modulus of Rup- 
ture, and Showing the Appi'oximate Loading on Drain Tile and Sewer Pipe 
from. Ordinary Ditch Filling, and from the Loads Applied in Iowa Standard 
Laboratoiy Tests of Bearing Strength. 

In the Laboratory tests the pipe are bedded in sand for 90 degrees of 
the circumference at the bottom, and the same amount at the top. 
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places since, as notably by Prof. A. N. Talbot, of the University 
of Illinois, in Bulletin No. 22, of the Illinois Engineering Ex- 
periment Station. Prof. Talbot also reproduced the correspond- 
ing anjalysis for the case of a vertical loading nnij )rmly dis- 
tHiuted over the fidl ividth of the pipe. 

The method of deriving the equations for stresses and dis- 
tortions in all these cases, and for Fig. 24, is simply to solve the 
six standard equations of equilibrium of stresses and forces (3 
static, and 3 elastic equations), well known to all students of 
engineering mechanics. This involves some tedious integrations, 
and we will not repeat the mathematical details. 

The results, for a uniform vertical loading over 90 degrees 

ividth of circumference at top and at 'bottom^ as in Fig. 24, are 

as follows: 
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NOTE 1. — ^The coefficient of R v^-for M, is practically J^. 

NOTE 2. — The bending moments, thrusts, and shears at the critical 
points 0, 2, 4 and 6, may be computed for different loadings by the fol- 
lowing table: 

TABLE NO. 17 
MAXIMUM STRESSES IN FLEXIBLE RINGS DUE TO DIFFERENT LOADINGS 
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Article 37. The Cardinal Qualities of Drain Tile and Sewer 
Pipe, to be Determined by Standard Tests. 

The cardinal qualities of drain tile and sewer pipe are two in 
number : 

First, the quality of the material in the shelly 

Second, the hearing strength of the pipe. 

The quality of the material is a cardinal quality, because the 
pipe will disintegrate and go to pieces unless the material of 
which it is made is so durable as to resist all disintegrating 
agencies. A cement tile must be of hard, uniform, strong and 



95 



impervious concrete, in order to resist the destructive agencies, 
and to prevent their penetrating into its pores. In the same 
way, soft or under burnt clay drain tile or sewer pipe are un- 
satisfactory, since such pipe cannot resist the action of freezing 
and thawing, and may disintegrate from other causes. Also, a 
laminated structure in clay drain tile or sewer pipe causes failure 
from frost. High bearing strength of the pipe as a whole, though 
absolutely essential, is not alone a satisfactory indication of 
the quality of the material from which the pipe is made; for 
high strength may be secured by using thick shells, even when 
the material of the shells is poor. Pipe with thick shells might 
be strong enough, and still be porous and disintegrate. 

Two simple tests may be made of the quality of the material 
of which drain tile or sewer pipe are made ; namely, the absorp- 
tion test, and the determination of the mochthts of rupture. 

The absorption test is of great importance for cement and 
clay drain tile and sewer pipe. In the case of cemen,t tile, the 
agencies tending to destroy the concrete cannot act with much 
rapidity unless they can readily obtain access to the interior of 
the walls. In the case of clay tile, freezing would not be detri- 
mental if the water could penetrate only with great difficulty in- 
to the walls. Hence, the absorption test has a greater import- 
ance in testing drain tile and sewer pipe than generally with 
other materials of construction. For this reason, and because it 
is simple and easy to make, we advocate it as one of the standard 
tests for drain tile and sewer pipe. 

The modulus of rupture, as already explained, is the nominal 
tensile breaking strength of the material of the pipe shell. The 
real tensile strength of the material will be much lower than the 
modulus of rupture, owing to the fact that the true distribution 
of stress in the shell is quite different from that assumed. 
Nevertheless, the modulus of rupture indicates the ability of the 
material to resist frost and other agencies which cause stresses 
in the material. It is proportional to the tensile strength uni- 
versally tested for cement, and corresponds closely to the stand- 
ard transverse test of paving brick. It requires no separate test, 
and is readily • calculated, with little additional labor, from the 
results of the bearing strength test. 

Hence, we recommend three standard test requirements for 
drain tile and sewer pipe; namely, the per cent of absorption, 
the modulus of rupture, and the bearing strength, of the pipe. 
These three test requirements involve two standard tests ; namely, 
the absorption test and the bearing strength test. 

Article 38. The Method of Making Absorption Tests. The 

making of absorption tests has been standardized for paving 
brick, but not for other materials. We have used the standard 
method for paving brick as a basis from which to start in 
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developing a standard method of making absorption tests of 
drain tile and sewer pipe. 

Experimenting witli different sizes of test pieces, with re- 
sults (as given in Table No. 24, below) which show no very- 
material difference with size, we have adopted 3 inches by 3 
inches by the thickness of the pipe shell as the standard size. 

Our tests of the rate of absorption, as shown for cement tile 
in Fig. 30, below, show that the water is absorbed so rapidly 
that 24 hours is a sufficient time for immersion instead of 48, 
as adopted for paving brick. 

Complete specifications for standard absorption tests are given 
below. 

Article 39. The Method of Making Bearing Strength Tests. 

We have developed standard specifications for a method of 
making bearing strength tests with the pipe bedded in sand 
for 90 degrees of the circumference at the bottom, and the same 
distance at the top, which reproduces, with substantial accuracy, 
actual ditch conditions, as discussed in Articles 35 and 36, 
above. 

This method has proven very satisfactory under several years 
of use. 

1. Our standard method develops laboratory bearing strength 
substantially equal to the strength developed by the same or 
similar pipe in ordinary, actual ditches. 

2. Our standard method enables the load to be uniformly 
distributed over the pipe, regardless of unimportant irregular- 
ities in the shape. 

3. Sand is a material for bedding which can readily and 
cheaply be obtained in any community for the standard test. 

4. By marking the pipe in quarters before testing, accurate 
bedding in the sand is readily insured, both above and below, 
and the method is, therefore, accurate. 

5. The method permits the testing of pipe with bells as 
readily as of those without, since the bells, as well as the 
straight pipe, can readily be imbedded in the sand bearing. We 
have made numerous tests of sewer pipe with bells, and find 
no difficulty in such work. 

7. The method is one which can be readily used for field 
tests, without any testing machine whatever, by simply piling 
sacks of cement, or sand, or earth, or any other convenient ma- 
terial, upon the sand in the upper bearing. We have often 
made such field tests. 

8. The method is equally fair to cement pipe and to clay 
pipe. 

9. It is a simple method, which can be carried out by any 
competent engineer, or by any competent superintendent of a 
factory. 
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10. It is a method which does not require a mathematical 
translation to enable its results to be understood by people who 
are not engineers or manufacturers, which is not the case when 
such tests are made with other methods, since these do not give 
the actual strength of the pipe as used in the ditch; moreover 
mathematical translations of bearing strengths obtained by test- 
ing methods which do not imitate actual ditch conditions are 
very unreliable. 

Article 40. lov^a Standard Specifications for Tests of Drain 
Tile and Sewer Pipe. Our standard specifications for tests 
of drain tile and sewer pipe, as discussed above, and given 
in full below, have been adopted as standard by the following 
organizations : 

The Association of Iowa Cement Users, 

The Association of Iowa Brick and Tile Manufacturers, 

The Iowa State Drainage Association, and 

The Iowa Engineering Society, all at their 1911 meetings. 

Hence, the specifications may be considered officially adopted 
as standard for Iowa. 

However, the American Society for Testing Materials has re- 
cently formed a committee to prepare standard specifications for 
drain tile, and has already had for sometime a committee on 
standard specifications for sewer pipe. These committees will 
make thorough investigations of the whole subject, and their re 
ports, when adopted by the Society, will doubtless become stand- 
ard for the entire country. 

Iowa Standard Specifications for Absorption Tests of Djiain 

Tile and Sewer Pipe. 

1. SPECIMENS, The specimens shall each he approximate- 
ly three inches square, and shall extend the fiill thickness of the 
pipe ivall, ivith the outer skins nnbroken. 

2. NUMBER OF TEST SPECIMENS. Five iiulividital 
tests shall constitute a standard test, the average of the five and 
the resxdt for each specimen being given in the report of the test. 

3. DRYING SPECIMENS. Each specimen shall b e dried in 
an oven, or by other application of artificial heat, nntil it ceases 
to lose further- appreciable amounts of moisture ivhen repeatedly 
iveighed. 

4. BRUSHING SPECIMENS. All surfaces of the speci- 
mens shall be brushed ivith a stiff brush before iveighing the first 
time. 

5. WEIGHING. The specimens shall be iveighed, immed- 
iately before immersion, on a balance or scales capable of indi- 
cating the weight accurately ivithin one-tenth of one per cent. 

6. WATER FOR STANDARD TEST. The ivater employed 
in the standard absorption test shall be pure, soft ivater, at the 
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adr temperature of a room which is artificially heated in cold 
seasons of the year. 

7. IMMERSION OF SPECIMENS. The specimens shall be 
completely immersed in water /or a period of 24 hours. 

8. RE-WEIGHIN G. Immediately icpon being removed from 
the water the specimens shall be dned by pressing against them 
a soft cloth or a piece of blotting paper. There shall be no 
rubbing or brushing of the specimens: The re-weighing shall 
then be done immediately with a balance or scales capable of in^ 
dUcating the weight accurately within one-tenth of one per cent. 

9. CALCULATION OF RESULT. The result of each ab- 
sorption test shall be calculated by taking the difference between 
the initial di^ weight and the final weighty and dividing by the 
initial dry weight. 

Iowa Standard Specifications for Tests of the Bearing 

Strength of Drain Tile and Sewer Pipe 

1. SPECIMENS. The specimens shall be unbroken, full 
sized samples of the pipe to be tested. They shall be carefully 
selected so as to represent fairly the quality of the pipe. 

2. NUMBER OF SPECIMENS. Five individual tests shall 
constitute a standard test, the average of the five and the result 
for each specimen being given in the report of the test. 

3. DRYING. The specimens shall be dried by keeping them 
in a wamv, dry room for a period of at least two days prior 
to the test. 

4. WEIGHING. Each dHed specimen shall be weighed on 
a reliable scales just prior to the test. 

5. BEDDING OF SPECIMEN FOR TEST. Each specimen 
shall be dccurately marked, with pencil or crayon lines, in 
quarters, prior to the test. Specimens shall be careftdly bedded, 
above and beloiv, in sandy for the one-fourth circumference of 
the pipe, measured on the middle line of the pipe wall. The 
depth of bedding above and below the pipe at the thinnest points 
shall at each place be equal to one-fourth the diameter of the 
pipe, measured between the middle lines of the pipe walls. 

6. TOP BEARING. The top bearing frame shall not be al- 
lowed to come in con^tact with the pipe or with the test load. 
The upper surface of the sand in the top bearing shall be care- 
fully struck level with a straight edge, and shall be car ef idly 
covered with a heavy, rigid, top bearing, with lower surface a 
true plane, made of heavy timbers or other rigid material, cap- 
able of uniformly distributing the test load without appreciable 
bending. The test load shall be applied at the exact center of 
this top bearing^ in such a way, either by the use of a spherical 
l)earing, or by the use of two rollers at right angles, as to leave' 
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the bearing free to move in both directions. In case the test is 
made without the use of a machine, and by piling on w eight), 
the weight may be piled directly on a platform, resting on the 
top bearing, provided, however, that the weight is piled in such 
a way as to insure uniform distribution of the load over the top 
surface of the sand 

7. FRAMES FOR TOP AND BOTTOM BEARINGS. The 
frames for the top and bottom bearings shall be composed of 
timbers so heavy as to avoid appreciable bending by the side 
pressure of the sand. The frames shall be dressed on their in- 
terior surfaces. -No frame shall come in contact with the pipe 
during the test. A strip of soft cloth may be attached to the 
inside of the upper frame on each side along the lower edge to 
prevent the escape of sand between the frame and the tile. 

8. SAND IN BEARINGS. The sand used for bedding the 
tile at top and bottom shall be washed sand, which has passed a 
No. 8 screen. It shall be dried by keeping it spread oitt thin 
in a warm, dry room. 

9. APPLICATION OF LOAD. The test load shall be ap- 
plied gradually, and without shock or disturbance of the pipe. 
The application of the load shall be carried on contiimously, and 
the pipe shall not be allowed to stand any considerable length of 
time tender a load smaller than the breaking load. 

10. CALCULATION OF BEARING LOAD. The total 
breaking load shall be taken as equal to the total top load, in- 
eluding the applied load, the weight of top frame, sand for top 
bearing, top bearing timbers, etc., plus five-eights of the weight 
of the pipe. This total load shall be divided by the length of 
the pipe in feet, so as to give the bearing strength per linear foot 
of pipe. In testing sewer pipe, the bells shall be bedded and 
loaded, as well as the body of the pipe, and the length over all 
shall be used in computing the bearing strength per linear foot. 

Rule for Calculating the Modulus of Rupture in Iowa 

Standard Tests of Drain Tile and Sewer Pipe 

The MODULUS OF RUPTURE of drain tile and sewer pipe 
in Iowa Standard tests shall be computed by the following 
RULE: 

Divide the bearing strength in pounds per linear foot by 12, 
and midtiply by the radius in inches, measured to the center line 
of the pipe wall; then divide this product by the sqtLare of the 
top or bottom thickness of the pipe wall in inches. The quo- 
tient will be the modtdus of rupture, in pounds per square inch. 

The average thickness of the pipe wall shall be careftdly 
measured at the top of the pipe, and also at the bottom, and the 
smaller of the two average thicknesses shall be used in the com'- 
putations. 



CHAPTER VI 

RESULTS OP IOWA STANDARD TESTS OP DRAIN TILE 

AND OP SEWER PIPE 

Article 41. The Ames Tests of Drain Tile and Sewer 
Pipe. For several years the Engineering Experiment Station 
of the Iowa State College, at Ames, la., has been engaged in 
making extensive tests of drain tile and sewer pipe. These be- 
gan in answering calls for assistance from Engineers and County 
officials connected with drainage work, on account of the crack- 
ing of pipe in ditches. The Iowa Standard Method of testing 
bearing strength was developed early in the work, as a result of 
careful study of actual ditch conditions. 

Part of the work of making the tests has been conducted in 




Fig. 25. Forty-two Inch Vitrified Clay Sewer Pipe, about to be Placed in 
the Testing Machin^. 
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the field, or at the factory, at various points in Iowa, but most 
has been done at Ames, in the Engineering Experiment Station 
laboratories. 

Part of the specimens for the test were obtained on actual 
work, at various points in the state ; but most have been supplied 
by various cement and clay pipe manufacturers, partly pur- 
chased, but largely gratis. One firm alone sent us two car 
loads of sewer pipe, valued at several hundreds of dollars, free 
of charge, even paying the freight. 

We acknowledge with thanks the valuable assistance and co- 
operation rendered by many people in this work. The list of 
those who have helped is so long, and the work has extended 
over so many years, that we find ourselves unable to mention by 
name nearly all those who have helped. 

Article 42. Tables Nos. 18 to 25. Showing Results of Ames 
Tests of Cement and Clay Drain Tile and Sewer Pipe. The 

dletailed results of the Ames Tests appear in this Article, in 
Tables No. 18 to 25. 

In all, over a thousand specimens have beenj tested, at different 
times, part in several wiays, to obtain the data given in these 
tables. 

In the case of cement tile, the pipe tested represent a wide 




Fig. 26. An Eight Inch Cement Drain Tile, Taken ITp for Tests after 
Used in Ground for Thirty-one Years. 
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range of ages. In fact, we secured some 8 in. and 10 in. cemenjt 
pipe, which had been in actual use in the ground, in a drain and 
in. a sewer respectively, for thirty-one years. 

The cement pipe tested also represent different proportions of 
materials, different processes of manufacture, and the product 
of different factories. Most of the pipe were made three to four 
years ago. 

The clay pipe include pipe made from surface clays, from 
fire clays, and from shales. They were made at different fac- 
tories in Iowa. Illinois, and Missouri. 

In addition to our own tests, we have included a few made by 
Burns & McDonnell, Consulting Engineers, of Kansas City, Mo., 
and kindly furnished us for this purpose. 




Fig. 27. Several Hundred Dollars Worth of Vitrified day Sewer Pipe 
Free from One Factory, Broken in Tests. 
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TABLE NO. 23 

f . 

i 

VARIATION OF 48 HRS. ABSORPTION IN DIFFERENT SI»ECtMENS FROM 
SAME -TILE, CUT FROM POINTS ONLY A FEW INCHES APART 



rile No. 


Process of Manu- 
facture 
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Diameter, 
Inches 


Absorption, 
48 Hrs. 
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Process of Manu- 
facture 


Diameter, 
Inches 
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in 
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CBME:N^T TIIiB |l 
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ti <c 
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5.5% 




Salt Glazed Tile (fi-om 
different depths in 
shell) . 

CI II 
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24 
24 
24 
24 


3.7% 
4.6% 
3.4% 

3.5% 


6 
6 

. 
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(1 tt 
it <c 


inches 
II 

II 


6.1% _ 

5.3% 

6.6% 




Hard Clay Tile— Dull 
Glazed. 


8 or 
10 


6.1% 
5.9% 


8 
8 
8 


ti <■ 
ti a 


If 
II 

CI 
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9.8% 
9.5% 




Hard Clay Tile. 

II II 
IC CI 


8 or 

10 
II 


6.2% 
5.9% 
5.8% 


9 
9 


ti it 
it a 


ii 
ii 
ii 
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7.0% ' 




ti ti 

CI CI 


12 or 
14 
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1 
1 

I 2 
1 2 


<t it 
ii it 
ii it 
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10 

CI 
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1 : 
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Machine Made — Dry> 

1-3^, Age 6 Mos. 
it ti 


16 

inches 

or 


8.7% 
8.3% 
8.7% 
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Red Tile. 

II 


Tile 
12 


12.3% 
12.7% 
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If (f 

a a 
a a 


smaller 
it 

it 


6.9%| 
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7.5% 


2 
2 


£1 
CI 


inches 
and 


18.7% 
15.9% 


3 
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ti ti 
it it 
it it 


tt 
ti 
ti 


7.7% 

7.1% 
6.6% 


4 
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- 5 
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IC 
ii 


smaller 

IC 
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tt 
it 
ii 


tt 
tt 
ii 


16.6% 


4 
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a St 
it it 
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ti 
it 
ii 
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it 
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tt 
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II 

IC 
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(i 
il 
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10 
10 
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a a 
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ti 
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It 
it 
it 
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12 
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a it 
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12 
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Sui'face. 

it it 


tt 
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ti 
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TABLE NO. 24 

COMPARATIVE 24 HRS. ABSORPTION TESTS OF 

PIECES OP DRAIN TILE 



LARGE AND SMALL 



Large Pieces = 40 to 100 Sq. Ins. 



Small Pieces = 9 to 20 Sq. Ins. 
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Article 43, The Modulus of Rupture of Drain Tile and 
Sewer Pipe. In studying the values of the modulus of rupture 
ini Tables Nos. 18 to 21, the first striking fact which attracts 
notice is the extremely high results for cement tile in many 
cases, as compared with the tensile strength of cement mortars. 

On: this account it was thought wise to make a special series 
of tests of the transverse strength of curved beams, cut from 
the shells of the same pipe from whose bearing strengths the 
values of the modulus of rupture given, in Tables Nos. 18 anld 
21 were computed. The results of this series of transverse tests 
are given in Table No. 22, in comparison with the moduli com- 
puted from the bearing strength. 

In studying Table No. 22 it should be borne in mind that the 
moduli of rupture by beam tests should,, probably, on the av- 
erage be appreciably higher than those by bearing strength tests, 
for two reasons : 

First, in cutting out the beams, pieces containing flaws or spots 
of special weakness would ordinarily be fractured and rejected. 
Hence the moduli computed from tests of beams cut from the 
pipe would probably be higher than the true average moduli 
of the shells of the same pipe. 

Second, in Iowa standard bearing strength tests (and in actual 
ditch conditions of loading) the bending moments are nearly 
equal at each of four critical points in a pipe, namely, the top, 
the bottom, and each side, which is not true of other methods of 
testing. (See pg., 94). Moreover, the value of the bending 
moment changes slowly in the vicinity of each of these points, 
which is not true near the concentrated loads used in other 
methods of testing. Hence, both in the Iowa standard metho^d 
of testing bearing strength and in actual ditch conditions of 
loading, the first crack in the pipe may occur at any point of 
special w;eakness in any one of four strips of the shell at and 
near these critical points, each strip several inches wide. We 
have found this to be true, as a matter of fact, in hundreds of 
tests in which we have recorded the exact points of cracking. 
Moreover, the first crack at once greatly increases the stresses at 
and near the other three critical points, and nearly always 
causes immediate complete failure. 

Hence, both ordinary actual ditch conditions and the Iowa 
standard method of testing, search out the points of special 
weakness in a pipe much more thoroughly and severely than does 
any other method for testing bearing strength. 

Hence, also, the Iowa standard method of testing bearing 
strength should give computed moduli appreciably lower than 
the average moduli of the pipe shells. 

Several beams were cut from each pipe for many of the tests 
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tabulated in Table No. 22. These show; a large variation in the 
value of the modulus' of rupture at different points inj the shell 
of the same pipe. In Table No. 23, the absorption tests of pieces 
a few inches apart also show important variations. Tliis em- 
phasizes the importance of the conclusions just stated. 

Keeping these conclusions in mind, Table No. 22 shows per- 
haps as satisfactory correspondence between the moduli computed 
from bearing strength tests and those from transverse beam tests 
as could be expected, although there are many discrepancies. 

There are some special difficulties in making satisfactory tests 
of curved beams, which may account for many of the discrep- 
ancies. To overcome these difficulties, about half the tests were 
made with the convex side of the beam up, an,d tlie other half 
with the convex side down ; and, as a further precaution, a flex- 
ible knife edge W\as used at one end of the beam in many of the 
tests. 

Table No. 18 shows values of the modulus of rupture of 
small cement tile as high as 1000 lbs. per sq. in. in many in- 
stances, with a few results still higher. Evidently the modulus 
represents a quite different thing from the ordinary tensile 
strength of concrete, which is only a few hundred pounds per 
square inch. However, even in ordinary straight concrete beams 
the modulus of rupture is much higher than the actual tensile 
strength, a well known fact, stated in text books on concrete. 

A few tests, by F. P. Johnson, published in Engineering News 
for March 19, 1896, indicate that the modulus of rupture of 
straight vitrified clay beams, also, is two or more times the 
tensile strength of the material. 
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The values of the moduli of rupture in Tables 18 and 20 for 
different sizes of tile are shown in Figs. 28 and 29, herewith. 

Both Fig. 28 and 29 show a wide range of the moduli of rup- 
ture, which might be expected with the large variety of pipe 
tested. 

The fall line curves are rough average curves of values for 
different diameters of tile. 

The broken line on Fig. 28 show^ roughly the results of tests 
made by Messrs. J. R. Blair and B. L. Taylor with straight 
beams of concrete, one month old, and of thickness equal to 1/12 
of the platted diameters of tile. 

With cement tile, at least, the modulus of rupture appears to 
vary greatly with the diameter of the tile, or perhaps we should 
say, with the tliickness of the pipe shell, being higher for small 
diameters, or rather, thin shells. 

Article 44. The Results of Absorption Tests of Drain Tile 
and Sewer Pipe. Table No. 24, gives comparative absorp- 
tion tests of large and small pieces of cement and clay drain tile, 
and indicates no serious difference in the results. 

Fig. 30, from tests made by Mr. F. M. Okey, shows the rapid 
rate of absorption of water by cement tile. 

More absorption tests are needed before final decision can be 
made as to the maximum allowable per cents of absorption to 
insert in standard specifications for drain tile and sewer pipe. 
So far as the results in Tables 18-21, and 23 and 24, go, they 
indicate that the following reqidreinents can readily be met by 
good factories. 

For farm tile, 3 ft. minimum depth, cement tile, 8.0 to 11.0%, maximum 
allowable absorption. 

For farm tile, 3 ft. minimum depth, clay tile, 8.0 to 16.0%, maximum 
allowable absorption. 

For large tile drains, cement tile, 6.5 to 9.0%, maximum allowable absorp- 
tion. 

Foil large tile drains, clay tile, 6.0 to 7.0%, maximum allowable absorption. 

For sewers, clay sewer pip'e, 4.0 to 5.0%, maximum allowable absorption. 

In view of the present lack of sufficiently extensive data, 
the above figures are to be regarded as merely tentative. Until 
more extensive data, are available we recommend tliat each en- 
gineer determine the limit of maximum allowable absorption to 
insert in his specifications for any particular drain by first 
making a few absorption tests of his own, on available, reasonably 
good pipe for the use intended. 

In our view, the true objects of inserting an absorption limit, 
in specifications for drain tile and sewer pipe, are: First, to 
insure that the manufacture is such as to give the best results 
reasonably possible with the material used; second^ to exclude, 
for certain uses, materials from which satisfactory pipe for those 
uses cannot be produced commercially. 
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Hence it is perfectly logical ta assign different limits of ab- 
sorption to different materials, and to the same material for 
different uses, as has been done above. 

The tentative limits suggested above would operate to the 
piractical exclusion of surface clay tile for large drains, unless 
burned exceptionally hard. 

Article 45. Measurements of Elongations of Horizontal 
Diameters of Drain Tile and Seiner Pipe, Under Iowa Stand- 
ard Vertical Loadings. Measurements of the elongations of 
the horizontal diameters of drain tile and sewer pipe under 
different Iowa standard loadings (which approximate actual 
ditch loadings), are of importance, for two reasons: 

First. The elongation of the horizontal diameter of a tile 
will determine whether or not appreciable side resistance to 
cracking is developed by the side filling. 

Second, a study of the rate of increase of elongation as the 
load increases will indicate whether or not drain tile or sewer 
pipe have an ^'elastic limit," less than the ultimate bearing 
strength, beyond which it is not safe permanently to load the pipe. 

As to the first point, the measurements of half elongations 
recorded in Table No. 25, show that they are generally less than 
1/50 inch at the cracking point, even for large pipe, which is 
insufficient to develop side resistance of very material account 
in preventing cracking. 

As; to the second, point, a study of Table No. 25, and curves 
of elongation (not shown) which we platted for each pipe tested, 
shows that in some cases the elongation increases at a faster 
proportional rate than the load for loads higher than 75% to 
90% of the ultimate bearing strength. 

In two tests, loads equal to 75% and 86%, respectively, of the 
ultimate bearing strengths of pipes showing elastic limits were 
allowed to rest on the pipe unchanged for a few minutes. It 
was found tliat in each case the half elongation of the horizontal 
diameter increased 0.002 inch without any increase of load. The 
load \^';as in each case just about at the ''elastic limit" of the 
pipe. 

We believe that in many cases drain tile and sewer pipe will 
break under permanent loads appreciably smaller than the break- 
ing loads in tests in which the load is steadily increased to the 
breaking point, without long interruptions. Tliis applies to all 
methods of testing commonly used, or practicable for common 
use. 

Article 46. Variations in the Quality of Drain Tile and 
Sewer Pipe as Shown by Variations in the Results of Tests. 

All cement and clay products show a very considerable range of 
numerical results when subjected to tests of quality. Rattler, 
and especially transverse tests of paving brick, and the tensile 
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tests of cement, so extensively made, are familiar instances. Part 
of the variation, in the results of tests may no donbt be due to 
unavoidable irregularities in the tests, themselves, but there is 
also no doubt that to a large degree the variation represents a 
real corresponding variation in the qualities of the cement and 
clay products, caused by almost unavoidable differences in the 
materials and in the processes of manufacture. To demonstrate 
this, one has but to select carefully 25 brick from the same kiln, 
apparently of quite uniform; quality, and then break them suc- 
cessively in a transverse testing machine, studying carefully, 
meanwhile, the causes of the marked differences which will be 
found in strength. 

The tests of cement and clay drain tile and sewer pipe in 
Tables Nos. 18 to 25 show variations, like those discussed above, 
in the results for different specimens from the same lot. We 
have studied carefully quite a number of tests of bearing 
strength made by tliree other methods, which have been used 
prominently in testing drain tile or sewer pipe, and we find just 
about the same variations with each method as appear in our 
own work. Hence, the variations in numerical results in the 
tables undoubtedly represent, at least in the main, real cor- 
responding yariations in the quality of the pipe. 

This being the case, the percentage of the minimum strength 
to the average strength in each lot of similar pipe, in Tables 
Nos. 18-21, is evidently a question of considerable importance 
in connection with the determination of the factor of safety 
needed to insure safety against cracking of drain tile and sewer 
pipe in ditches. 

Evidently the difference in strength between individual pipe 
in a given lot will depend greatly upon the care with which all 
weak pipe are culled out and rejected on inspection. No method 
of testing can do away with the necessity for a very careful 
inspection of each pipe by a competent engineer. The same en- 
gineer should previously have assisted personally in testing a 
number of the same pipe in a testing machine. Then, aided by 
the * ' ring, ' ' on tapping with a hammer, a competent engineer can 
inspect pipe with some assurance of executing justice, both to his 
employers and to the manufacturer. 

We have carefully gone through the tests of bearing strength 
in Tables Nos. 18 to 21, and we believe, after studying the effect 
of throwing out unusually weak pipe, which should have been 
rejected on careful inspection, that the minimum Mrength of the 
weakest individuals of a lot of pipe delivered on the line of a 
drain or sewer, \\^1, after careful inspection and culling, be 
about 75% of the average strength. 

This consideration alone, therefore, would call for an average 
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strength of pipe of 130% of the load of ditcli filling, and prob- 
ably, 1.65 is the least factor of safety which should ever be used. 

Article 47. The Effect of Moisture on the Strength of 
Drain Tile and Sewer Pipe. In connection with the proper 
factor of safety to use for the strength of drain tile and sewer 
pipe, the question of the effect of moisture on their strength is 
a matter of considerable importance. Some tests made under 
our direction in 1910 indicated that wetting materially decreases 
the strength of concrete. 

Our attention was later called to this point by Mr. F. 0. Nel- 
son, Drainage Engineer, of Estherville, la., in Feb., 1911. See 
his letter, as quoted on pg. 15, of this bulletin, in which he 
calls attention to the observed fact that the tile which became 
wetted by absorption of wlater in the ditch broke most readily. 

We then proceeded to investigate the subject by making actual 
tests of dry and wet tile, with results (given in detail in Tables 
Nos. 18 and 20) , as follows : 

TABLE NO. 26 

TESTS OF THE EFFECT OF MOISTURE ON THE STRENGTH OF CEMENT 

AND CLAY TILE 



Bearing strength of 6 in. cpment tile, dry 1360 lbs. per 

'• •• " " " " " wet 30 days 930 lbs. per 

Bearing strength of 12 in. cement tile, dry 940 lbs. per 

'• " •* " " wet 4 days 1090 lbs. per 

•' " " •' " '• wet 30 days 680 lbs. per 

Bearing strength of 6 in. clay tile, dry 2160 lbs. per 

" " " " '• wet 30 days 1610 lbs. per 

Bearing strength of 12 in. clay tile, dry 2810 lbs. per 

" " " " " wet 21 days 2730 lbs. per 

Bearing strength of 16 in. clay tile, dry 1700 lbs. per 

" •• " •• " wet 5 hrs *1700 lbs. per 



in. ft. 

in. ft. 

in. ft. 

in. ft. 

in. ft. 

in. ft. 

in. ft. 

in. ft. 

in. ft. 

in. ft, 

in. ft. 



The 6 and 12 inch cement tile tested were made by the same 
factory, and were respectively 6 mos. and 8 mos. old when< first 
tested. Later tests dry showed an increase of strength of the 
6 in. to 1900 lbs., per lin. ft., and of the 12 in. to 1290 lbs. per 
lin. ft., both at the age of 18 mos. 

The above tests were made in the spring of 1911. In the- fall 
of 1911 we inaugurated a series of tests, by Mr. F. 0. Boden and 
W. G. White, of the effect of moisture on the strength of con- 
crete; and, by I. C. Craft and C. Moriarty, of the effect of 
moisture on the strength of brick. These tests were completed 
in the winter of 1911-12, with results shown in Tables Nos. .27 
and 28, herein. 

The tests shown in Table No. 27 decidedly confirm the con- 
clusion that the wetting of concrete will usually lower materially 
the strength of concrete, and this has been confirmed by some 
later tests made by Prof. S. M. Woodward and Mr. Young, at 
Iowa City.** 

* Only one tile tested in this case. 

^"^ See Engineering News, January 16, 1913. 
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TABLE NO. 27 
TESTS OP THE EFFECT OF MOISTURE ON THE STRENGTH OF CONCRETE 



Material 



Per Cent Absorption 



1 hr. 



3 hrs. 



Strength — ^Lbs. per Sq. In. 

Upper Line — ^Transverse Modulus of Rupture. 
Lower Line — Crushing Strength. 



Before 
Drying 



Dried 
12 hrs. 



Medium 
Wot 



Wet 



1:2:4 concrete 



Age 7 days 



it 



<i 



mo. 
It 




300 


290 


310 


240 


1300 


1730 


1480 


1060 


440 


320 


320 


230 


2080 


1890 


1150 


830 _ 


610 


390 


350 


270 


2160 


1950 


1590 


1230 



1:3:6 concrete 



Age 7 days 


5.1 


5.5 


210 


170 


i, 200 


160 








1170 


970 


930 


900 


•' 1 mo. 


5.1 


5.8 


370 


270 


230 


190 


r- 






1830 


1430 


1040 


680 


" 3 " 


5.0 


5.7 


430 


280 


270 


210 








1690 


1350 


1170 


950 



1—3 BRIQUETTES 



TENSILE STRENGTH-LBS. PER SQ. IN. 



Age 7 days 

" 1 mo. 
« 3 •< 


7.3 
8.1 

7.7 


7.6 
8.1 

7.7 


140 

■ 230 

330 


230 
280 
330 


160 
220 
280 


80 
140 
170 



NEAT BRIQUETTES 



Age 7 days 
1 mo. 



CI 



it 



(I 



6.9 
7.6 
9.0 



7.2 

7.7 

10.1 



600 
640 
740 



610 
350 
840 



290 
370 
490 



380 
320 
430 



NOTE. — ^Each result given is the average of 4 or 5 tests, =327 tests. The dry- 
ing vt^as in an electric oven, at low heat. The medium wet specimens averaged 2^ 
to 3% moisture. The wet specimens averaged 5^ to 6% moisture. Beams for 
transverse moduli of rupture, 4x4x16 inches. Cubes for crushing strength, 4x4x4 
inches. 



TABLE NO. 28 
TESTS OP THE EFFECT OP MOISTURE UPON THE STRENGTH OP BRICK 



Quality 



Per Cent 
Absorption 



1 Hr. 



48 Hrs. 



Upper 
Lower 



Strength — ^Lbs. per Sq. In. 

Line — ^Transverse Moduli of Ruptui*e. 
Line — Crushing Strength. 



Dry 



Soaked 
1 Hr. 



Soaked 
4 Hrs. 



Soaked 
48 Hrs. 



Soaked 
21 Days 



STIFF MUD SHALE BRICK 



No. 2 Pavers 


3.9 


5.3 


1720 


1650 


1450 


1080 










3690 


4730 


3500 


4430 




No. 1 Building 


4.8 


6.5 


1670 


1370 


1520 


1050 










3000 


4900 


3820 


4000 




Building Brick 


7.0 


9.8 


1220 


1240 


1110 


1270 


1730 








3040 


2600 


2500 


2610 


2900 



PRESSED BRICE 



9.8 



9.8 



620 
3930 



610 
3320 



600 
3420 



710 
3310 



690 
3700 



NOTE. — ^Each result is the average of 10 tests, = 360 tests. The transverse tests 
were of brick tested flatwise, except the pavers, which were tested edgewise. 
Crushing tests were on approximate cubes, full thickness of brick, with steel bearings 
on ground surfaces. 
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The tests shown in Table No. 28 indicate that thorough wetting 
will materially lower the strength of some burnt clay products, 
but not all. This is in accord with our tests of clay tile, given 
above. The effect of moisture on the strength of clay wares 
should be investigated further. 

Article 48. Summary of Conclusions from the Ames Tests 
of Drain Tile and Sewer Pipe. The discussions in this chapter 
of the Ames tests and their results^may be summarized as follows : 

1. The Ames tests of drain tile and sewer pipe hai^e been 
made on more tlian 1000 specimens of cement and clay pipe, 
made of several materials and by several processes of manufac- 
ture, and including sizes from 4 in, to 42 in. internal diameter. 
The results of these tests are presented in detail in Tables Nos. 
18 to 25, inclusive. The tests of strength presented in the tables 
have all been made by the Iowa standard method, which closely 
approximates m^dinary, actual, ditch conditions. 

2. The moduli of rupture comptited from the strength tests 
are often very high, for small cement pipe, as compared with 
the transverse strength of ordinary concrete beams several inches 
thick, but the moduli computed from the strength tests of pipe 
average somewhat lower than those completed from transverse 
tests of curved beams cut from the shell of the same pipes. 

3. Curved beams cut from the shell of the same pipe show a 
quite large variation in the values of the modulus of rupture 
from point to point in the shell. Also, different pieces a few 
inches apart in the same pipe often show materially different 
per cents of absorption. 

4. On account of the variation in the modulus of rupture of 
pipe shells from point to point, mathematical computations can- 
not be relied upon for comparison of the breaking loads found 
by different methods of testing. The safe loads on drain tile 
and sewer pipe in ditches can only be determined, reliably, by 
tests which approximate ordinary, actual, ditch conditions of bed- 
ding and loading. 

5. The modulus of rupture seems certainly to be considerably 
higher for small thicknesses of cement tile than for large thick- 
nesses, and probably the same general pHnciple holds (to a much 
smaller degree) for clay pipe. 

6. On account of the variation of the modulus of rupture 
with thickness, ordinal^ mathematical formulas of strength are 
not reliable for diameters less than 18 in. in completing the in- 
crease in the strength of cement pipe which may be secured by 
increasing the thickness of shells. For diameters of 18 in. and 
over, the increase in strength due to thicker cement pipe shells 
of the same quality should ordinarily be a little less in propor- 
tion than the ratio of the squares of the thicknesses. 
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7. Doubtless on account of the increased difficulty of burn- 
ing the greater thicknesses of pipe shells to the same degree of 
thoroughness, the modulus of rupture of double strength vitri- 
fied day sewer pipe of the large sizes is ofteiv much lower than 
the modulus of rupture of single strength pipe. Not infre- 
quently this may be true to such an extent that large double 
strength pipe may test little if any stronger than single strength 
of the same dtiameter, from the same factory. Greater care and 
thoroughness than at present are desirable in the burning of 
large, double strength, clay drain tile and sewer pipe, 

8. The two objects of absorption tests, and absorption limits 
in specfiications for drain tile and sewer pipe, are: First, to 
insure that the manufacture^ is such as to secure the best results 
reasonably possible with the materials used; second, to exclude, 
for certain uses, materials from which satisfactory pipe for 
these uses cannot be produced commercially. Hence, different 
absorption limits in specifications shoxdd be assigned to different 
matenals, and to the same materials for different uses, 

9. In the absence of more extensive data of absorption tests 
than are yet available, the safest plan for an engineer to fol- 
low in determining absorption limits to insert in specifications 
for drain tile or sewer pipe is first to make a few prelimiriary 
absorption determinatimis of pieces of good, satisfactory pipe, 
available in his vicimty. 

So far as the Ames tests go they indicate that the follomng 
requirements can readily be met by good factories in the middle 
west: 

For farm tile, 3 ft, deep, cement tile, 8.0 to 11,0% max, al- 
lowable absorption. 

For farm tile, 3 ft. deep, day tile, 8.0 to 16,0% max. allow- 
able absorption. 

For large tile drains, cement tile, 6.5 to 9.0% max, allowable 
absorption. 

For large tile drains, clay tile, 6.0 to 7.0% max, allowable ab- 
sorption. 

For sewers, clay sewer pipe, 4,0 to 5.0% max, allowable ab- 
sorption, 

10. Measurements show that the half elongations of the 
horizontal diameters of even large cement and day drain tile do 
not ordinarily exceed 1/50 in, under their breaking loads of 
ditch filling. This is too small to develop side resistances of 
ditch filling large enough to be of material resistance in pre- 
venting cracking, 

11. Measurements of the half elongations of the horizontal 
diameters of cement and clay drain tile under different loads 
generally plat into regidar ^^stress-strain'' curves. Not infre- 
quently these ciirves give indications of an ^^ elastic limit'' of the 
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material at 75% to 90% of the ultimate 'breaking load. In two 
tests of cement pipe, the elongation increased appreciably with- 
out increase of load when ^^ elastic limif loads were kept on for 
a few minutes. We believe it to be probable that in many cases 
drain tile and sewer pipe would break under permanent loads 
appreciably smaller than the breaking strengths developed in 
laboratory tests, in which the entire load is applied within a 
comparatively short time, « 

12. The tests show material variations in the strength of dif- 
ferent pipe from the same lot. Such differences in results are 
also common in other tests of other cement and clay products, 
and represent real differences in quality. We believe that, with 
very careful field inspection, and ctdling out of weak pipe, the 
weakest pipes will be as strong as 75% of the average strength 
of drain tile and sewer pipe delivered for construction, 

13, The Ames, tests show that a material loss of strength in 
cement pipe is caused by thorough wetting. They also indicate, 
but not conclusively, that some loss of strength may be caused 
in some clay pipe by a thorough wetting, 

14, A study of the variations of strength, and possible losses 
of strength, enaimerated in 11-13 above, would ind/icate that € 
safety factor as low as 1.5 for the required bearing strength 
of drain tile and sewer pipe might very probably result in an 
occasional cracked pipe in the ditch, and we recommend 1.65. 

In comparing this conclusion with Table No, 16, pg. 87, 
it should be remembered: First, that an occasional cracked pipe 
in taking up old sewers and drains might not be noticed, or if 
noticed might be attributed to injury in taking up; second, 
that not infrequently drain tile and sewer pipe may escape the 
maximum loads from ditch filling, from the imposition of which, 
nevertheless, there is considerable danger. 

15. A comparison of the proper factor of safety with the 
bearing strength of drain tile anA sewer pipe in Tables Nos. 18 
to 21, avid the ordinary maximum loads on pipes in ditches asH 
shown in Table No. 8, will indicate clearly that, in the case of 
large pipe and fairly deep ditches, the strength of drain tile and 
sewer pipe, as now generally made, is quite generally insufficient 
to prevent danger of cracking under the weights of ditch filling. 

In such cases the engineer should either, 

1. Secure pipe of special high strength. 

2. Bed the pipe in concrete. 

3. Use other materials, such as brick, or reinforced or plain 

concrete. 



CHAPTER VII 

TESTING MACHINES FOR DRAIN TILE AND SEWER 

PIPE 

Article 49. The Need for Inexpensive Testing Machines 
for Drain Tile and Sewer Pipe. The only way in which to 
determine whether a given lot of drain tile or sewer pipe are 
strong enough to be safe against cracking in the ditch is to test 
their strength, and compare it with the loads they must carry. 

At present the inspection of pipe, and their acceptance or 
rejectment are left altogether too much to guess work on the 
part of the inspector. 

Every city using sewer pipe, every county doing drainage 
work, and every manufacturer of drain tile or sewer pipe, should 
own and use a suitable machine for testing the bearing strength. 

Cities and counties desiring to do so can doubtless purchase 
testing machines suitable for testing by the Iowa standard 
method from almost any reputable maker of testing machines. 

For those who wish to obtain a good and satisfactory testing 
machine for drain tile and sewer pipe at very low cost, we have 
prepared detailed plans for three machines which can be built at 
home, by any good mechanic. 

Sir. H. Riedesel, of Lanesboro, Iowa, has built some of the 
Ames Testing Machines for different persons, and will supply 
others, who may prefer to buy them rather than build, at the 
following prices : 

Ames Standard Testing Machine $95.00, f .o.b. Lanesboro 

Ames Senior Testing Machine $40.00, f.o.b. Lanesboro 

Ames Junior Testing Machine $20.00, f.o.b. Lanesboro 

None of the above prices include the platform scales. We will 
supply, free of charge, to any person who will write us that he 
intends to build one of these machines, detailed blue print plans 
for the machine he selects, from which it can be built by any 
good mechanic familiar with the plans. 

Doubtless quotations for any of the three Ames Testing Ma- 
chines can be secured from any good general shop, on taking 
them the blue print plans. 

Article 50. The Ames Standard Testing Machine. The 

Ames Standard Testing Machine is shown in Fig. 31, and in 
the frontispdece, Fig. 1, it is shown in actual use, testing a 36 
inch drain tile. 
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Fig. 33. Testing a Thirty-Six Inch Drain Tile with the Ames Senior 
Testing Machine. 

This is the machine we recommend for cities and counties and factories 
for ordinary testing of drain tile and sewer pipe of large sizes, where it is 
desirable to move the machine to different locations for different tests. It 
can readily be taken down and transported. With an extra strong lever, we 
have used it in tests of sewer pipe requiring a total load of 24,000 lbs. to break. 
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Fig. 34. The Ames Junior Testing Machine, for Testing Drain Tile up 
to 18 Inches Diameter. Cost about $20, not Including 2000 lbs. PlatfolTn 
Scales. 



Article 51. The Ames Senior Testing Machine. The Ames 
Senior Testing Machine is shown in Figs. 32 and 33. 

Article 52. The Ames Junior Testing Machine. The Ames 
Junior Testing Machine is? shown in Figs. 34 and 35. 

The Ames Junior Testing Machine is very convenient, and 
where much testing has to be done it may pay to use one for 
the small pipe, even when an Ames Senior Machine is used for 
the large pipe. 

Article 53i Field Tests of Drain Tile and Sewer Pipe with- 
out Testing Machine. It is not at all difficult to apply the 
Iowa standard method of testing bearing strength directly to 
pipe in the field without using any testing machine at all. We 
have often done this. 

All that is necessary is to construct the top and bottom bear- 
ing frames, bed the pipes in sand, in accordance with the speci- 
fications on pgs. 98 and 99, and apply the load to the sand in 
the top bearing frames, strictly in accordance with Clause 6, pg. 
98. Sacks of cement, or sand, or earth, or piles of brick, etc., 
can: be used. Often a simple lever can be rigged, to lessen the 
applied loads required. 



169 




* T 



Fig. 35. Testing a Twelve Inch Drain Tile with the Ames Junior 
Testing Machine. 

This is the machine we recommend for the testing of drain tile up to 
18 inches diameter. An ordinary 2000 lbs. platform scales used with the 
machine can be loaded without injury up to 6000 lbs., and the maximum ca- 
pacity of the machine is determined by this. 
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Fig. 36. Plans for Sand Bear- 
ing Frame for Iowa Standard 
Tests. 




Fig. 37. View of Upper Sand 
Bearing Frame Arranged for 
Tests of Bell Pipe. 



CHAPTER VIII 

SPECIFICATIONS FOR DRAIN TILE, FOR SEWER PIPE, 

AND FOR PIPE LAYING 

Article 54. Methods of Strengthening Drain Tile and Sewer 
Pipe to Carry Heavy Loads, by Bedding in Concrete. The 

many cases of cracking of drain tile and sewer pipe tabulated 
in Table No. 1, pg. 24, demonstrate that large drain tile 
and sewer pipe, as at present manufactured, are not strong 
enough to carry safely the weights of ditch filling which may 
come upon them in deep ditches. 

A comparison of Table No. 8, pg. 46, of ordinary maximum 
loads on pipes in ditches, with Tables Nos. 18 to 21, pgs. 103 to 
145, showing the bearing strengths of drain tile and sewer 
pipe, will indicate clearly (when allowance is made for a proper 
factor of safety) just what sizes of ditches cause danger of 
cracking. 

When it is found impossible, at reasonable cost, to obtain 
pipe strong enough to do away with the danger of cracking, 
reasonably strong pipe may be used, and strengthened by bed- 
ding in concrete. 

Where the soil in which the ditch is dug is so solid and un- 
yielding as to afford a good safe support for the horizontal side 
thrust which would develop at the mid height of the pipe if 
it should crack, all that is necessary is to fill completely all the 
space between the tile and the bottom and sides of the ditch 
with very lean concrete, as shown in Fig. 38. 

This method has been used with success in actual cases which 
have been reported to "us. 

When the soil is yielding, however, as in the case of muck, 
quick sand, soft loam, and the like, a good, strong, concrete 
must be used, in sufficient thickness below the pipe, and at the 
mid height of the pipe, to furnish in itself a good, strong broad 
foundation, together with side abutments at the mid height 
strong enough to carry safely the side thrust which would de- 
velop if the pipe cracked. This plan is shown in detail in 
Fig. 39. 

We recommend applying the methods shown in Figs. 38 and 
39 at all points on tile drains and sewer pipes where the bearing 
strengths of the pipe, as found by Iowa Standard tests (after 
deducting for the weights of the pipes themselves), are not at 
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Pig. 38. Method of Strengthening Drain Tile and Sewer Pipe to Carry 
Heavy Loads, by Bedding in Concrete, in Solid Soils. 

least 65% in excess of the ordinary maximnm loads on pipes in 
ditches, as shown in Table No. 18, pg. 46. 

Article 55. Committees G4 and C6 of the American Society 
for Testing Materials on Standard Specifications for Sewer 
Pipe and Drain Tile. The American Society for Testing Ma- 
terials is widely recognized in the United States as the final 
authority for the preparation of standard specifications for the 
various materials of construction. 

For several years the Society has had a regular committee, 
designated C4, at work on standard specifications for sewer 
pipe, but the committee has not yet made aniy definite recom- 
mendation of specifications. 

Since 1911, the Society has also had a regular committee, 
designated C6, at work on standard specifications for drain tile, 
and an effort is bein^ made to complete definite recommenda- 
tions by June, 1914. 
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rig. 39. Method of Strengthening Drain Tile and Sewer Pipe to Cany 
Heavy Loads, by Bedding in Concrete, in Yielding Soils. 

Iowa has one member of Committee C4, and four members of 
Committee C6. 

When Committees C4 and C6 of the American Society for 
Testing Materials complete their definite reports, and these have 
been adopted by the Society, their specifications will undoubted- 
ly be accepted throughout the country as standard for drain tile 
and sewer pipe. 

At present, however, drainage and sewerage engineers, and 
in fact all users and manufacturers of drain tile and sewer pipe, 
are in the greatest need of fair, definite and authoritative speci- 
fications for drain tile, for sewer pipe, and for pipe laying. 

Article 56. Recommended, Tentative, Standard Specifica- 
tions for Drain Tile, for Sewer Pipe, and for Pipe Laying. To 

meet the imperative immediate need for definite specifications, 
until Committees C4 and C6 of the American Society for Test- 
ing Materials can complete their reports, we recommend the 
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use, for the present, by all drainage and sewerage engineers, 
of the following : 

Tentative Standard Specifications for Drain Tile, for 

• Sewer Pipe, and for Pipe Laying. 

Officially adopted by the Iowa State Drainage Association at its 
Fort Dodge meeting, Feb. 19, 1913, 

A. Marston, of Ames, la.; Seth Dean, of Glenwood, la,; and W, 
B, Warrington, of Pocahontas, la,, committee, 

1. ENGINEER TO MAKE ALL TESTS, All tests of drain 
tile and sewer pipe shall be made by the engineer and his as- 
sistants, 

2, SELECTION OF PIPE FOR TESTS, All drain tile and 
sewer pipe for tests shall be carefully selected by the engineer, 
to represent fairly the quality of the pipe, from the stock fur- 
nished by the contractor for use on the job, 

3. PAYMENT OF COSTS OF TESTS, All costs of tests 
of drain tila and sewer pipe, except the cost of the pipe tested, 
shall be paid by the employer of the engineer. The personal 
services of the engineer and his assistants shall be paid for at the 
same rates allowed them for other regular work, 

4, CONTRACTOR TO SUPPLY TEST PIPE FREE, The 

contractor shall supply all drain tile and sewer pipe required 
for tests, free of charge, delivered at the testing machine, which, 

for this work will be located at 

Ordinarily not more than one-half per cent of the pipe sup- 
plied will be tested, but in\ any case at least five pipe shall be 
supplied, and in case the first test shows marked irregularities, 
or other important peculiarities of pipe, the engineer may re- 
quire pipe for a second set of tests, 

5, METHOD OF TESTING, All tests shall be made strictly 
in accordance with the Iowa Standard Specifications for Testing 
Drain Tile and Sewer pipe, as given on pgs, 97 to 99, of 
Bulletin No, 31, of the Iowa Engineering Experiment Station, 

6. MAXIMUM ALLOWABLE PER CENTS ABSORP- 
TION FOR DRAIN TILE AND SEWER PIPE, The maxi- 
mum allowable per cents of absorption for drain tile a'iid sewer 
pipe shall be as follows: 

For Cement Drain Tile, .... per cent max. allowable average 
absorp tion. 

For Clay Drain Tile, .... per cent max. allowable average 
absorption. 

For Cement Sewer Pipe, .... per cent max, allowable aver- 
age absorption. 

For Clay Sewer Pipe, .... per cent max, allowable average 
absorption. 
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NOTE. — ^T^Hiere the engineer does not have better data of the good pipe avuilable 
in his locality, we recommend that the abso^'ption per cents inserted above be between 
the following limits; 

For Cement Drain Tile, 6.5 per cent to 0.0 per cent. 

For Clay Drain Tile, 6.0 per cent to 7.0 per cent. 

For Cement Sewer Pipe, no data available. 

For Clay Sewer Pipe, 4.0 per cent to 5.0 per cent. 

7. THE ORDINARY MAXIMUM LOADS ON DRAIN 
TILE AND SEWER PIPE IN DITCHES. The ordinary maxi- 
mitm loads on drain tile and seiver pipe in ditches, from com- 
mon ditch filling materials, shalthe considered to be as follows, 
in pounds per linear foot of pipe: 

FOR CLAY, AND ALL COMMON SOILS, OR COMBINATIONS OF SOILS, EX- 
CEPT SAND AND LOAM 



Height of 




Breadth 


of Ditch at Tod of Pine 




Fill Above 








& ^ 




Top of Pipe 


1 Ft. 1 


2 Ft. 1 


3 Ft. 


4 Ft. 


5 Ft. 


2 ft. 


210 


470 


730 


1000 


1240 


4 ft. 


340 


840 


1330 


1870 


■ 2370 


6 ft. 


430 


1140 


1900 


2630 


3410 


8 ft. 


490 


1380 


2360 


3360 


4400 


10 ft. 


520 


1570 


2760 


3980 


5370 


12 ft. 


540 


1730 


3100 


4560 


6050 


16 ft. 


570 


1940 


3660 


5510 


7440 


20 ft. 


580 


2090 


4070 


6280 


8610 


24 ft. 


580 


2180 


4380 


6910 


9590 


30 ft. 


580 


2260 


4700 


7590 


10780 



FOR SAND AND LOAM, UNMIXED WITH OTHER SOILS 



2 ft. 


180 


410 


650 


I 890 


1110 


4 ft. 


270 


710 


1170 


1640 


2100 


6 ft. 


310 


910 


1590 


2270 


2970 


8 ft. 


340 


1070 


1910 


2820 


3720 


10 ft. 


350 


1180 


2180 


3260 


4380 


12 ft. 


360 


1250 


2400 


3650 


4980 


16 ft. 


360 


1350 


2710 


4260 


5940 


20 ft. 


360 


1400 


2910 


4700 


6660 


24 ft. 


360 


1430 


3050 


' 5010 


7230 


30 ft. 


360 


1440 


3150 1 


5340 


7830 



NOTE. — ^For dimensions of ditch not given the loads shall be interpolated between 
the loads in the table. 



5. THE MINIMUM ALLOWABLE BEARING 
STRENGTHS OF DRAIN TILE AND SEWER PIPE. No 
drain tile or seiver pipe not strengthened by bedding in con- 
crete shall be used inA any part of a ditch ivhere the average 
beann\g strength of the pipe, as determined by the loiva Stand- 
ard Tests {See Claiise 5, above), is not equal, in addition to the 
weights of the pipe themselves, to at least 165 per cent of the 
ordinary maximum loads on pipes in ditches (as specified in 
clause 7 above). 

Drain tile and sewer pipe of less bearing strength than re- 
quired in the above paragraph shall, if used, be strengthened by 
bedddng in concrete, as provided in clauses 13 and 14, below, at 
the expense of the pipe contractor, {with exception as provided 
in clause 14), who shall have the option of paying for such 
strengthening, or of furnishing pipe strong enough to give the 
safety factor of 1.65 as required above. 
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The engineer shall furnish each bidder convement access, in 
ample time before the receipt of bids, to an accurate profile 
showing the depths of pipe at all points of the sewer or drain, 
and to clear specifications as to width of trench at level of pipe, 
so that the exact lengths of extra strong pipe or strengthening 
by bedding in concrete can readily be ascertained in advance. 

The pipe laying contractor shall be responsible for all in- 
creased costs for extra stromg pipe or bedding in concrete ^re- 
quired by loider trenches at the level of the pipe than specified 
in advance by the engineer, and the county {city) shall deduct 
therefor from his payments, and pay said deductions to the pipe 
contractor. 

No drain tile or sewer pipe shall be used in any case whose 
average bearing strength, as determined bp Iowa Standard 
Tests (See Clause 5, above), is less than specified in the follow- 
ing table: 



Internal Diameter 



I 
1 



Miniimim Allowable Average Bearing Strengths 



Drain Tile 



Sewer Pipe 



Less than 15 inches 
15 to 20 inches 
21 to 27 inches 
28 to 36 inches 



1000 Lbs. per Lin. Ft. 
1250 Lbs. per Lin. Ft. 
1500 Lbs, per Lin. Ft. 
1850 Lbs. per Lin. Ft. 



1250 Lbs. per Lin. Ft. 

1500 Lbs. per Lin. Ft. 

1900 Lbs. per Lin. Ft. 

2400 Lbs. per Lin. Ft. 



9, GENERAL REQUIREMENTS AS TO THE QUALITY 
OF DRAIN TILE, All drain tile shall be good, sound tile, of 
first class quality. They shall be entirely free from cracks and 
fire checks extending into the body of the pipe in such a way as 
appreciably to lower its strength. No pipe shall be accepted 
having pieces broken out in such a way or to such an extent as 
app^^eciably to affect the strength of the pipe, or to permit the 
entrance of soil into the drain. 

The pipe shells shall have uniform, strong, dense structures 
throughout, without serious flaws or weak spots. 

All pipe shall give a clear ring, when stood on end or laid 
on one side, evenly supported at the lower end, or along a line 
of one side, and free elsewhere, and tapped with a light ham^ 
mer while dry. 

All pipe shall be regidar and true in shape. The average 
diameter shall not be more than 2 per cent less than the speci- 
fied diameter. No two diameters of the same pipe shall differ 
from each other more than 7 per cent, nor shall the average 
diameters of adjacent pipe differ more than 4 per cent, 

.Pipe may be furnished in lengths of 1, 2, 5%, and 3 feet, but 
1 foot lengths shall not be used for sizes over 15 inches in 
diameter. No pipe, designed to be straight, shall vary from a 
straight line more than ly^ per cent of its length. 

If cement tile are used, they shall show a uniform, dense 
structure, with clean aggregates, well graded as to size of ma- 
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terials, and with the grains and pieces of aggregate well coated 
and the pores well filled with good Portland cement. There 
shall he no spots of specially great porosity. Fractured sur- 
faces shall show hroken pieces of aggregate, firmly bedded in 
the concrete. The general appearance of the material shall be 
at least equal to thai of first ' class gravel concrete, in propor- 
tions: 1 first class Portland cement; to 2 clean, coarse sand; to 
1 pebble^, y^^ inch to % thickness of tile wall in size. 

10, GENERAL REQUIREMENTS AS TO THE QUALITY 
OF SEWER PIPE. All sewer pipe shall be of the hub and 
spigot pattern, unless special permission be given to use other 
forms of joints. Bells shall be of sizes which will leave an aiv- 
nular space for cement at least % inth thick for 10 inch pipe 
and smaller, and ^ inch for larger sizes. Standard depths of 
sockets shall be used. 

All sewer pipe shall be of first class quality. They shall be 
entirely free from cracks and fire checks extending into the 
body of the pipe in such a way as appreciably to lower its 
strength. No pipe shall be accepted having pieces broken out 
in such a way or to such an extent as appreciably to lower the 
strength. 

The pipe shells shall be of uniform, strong, dense structure, 
throughout, mthout serious flaws or weak spots. 

All sewer pipe shall give a clear nng, when stood on end or 
laid wv one side, evenly supported at the lower end, or along 
a line of one side, and free elsewhere, and tapped while dry 
with a light hammer. 

All sewer pipe shall be regidar and true in shape. The aver- 
age diameter shall not be more than 2 per cent less than the 
specified diameter. No two diameters of the same pipe shall 
differ more than 5 per cent. Pipe which are to join in the 
ditch shall be fitted at the surface before loivering, and shall 
match truly, with ample room for cement joint.^ 

Sewer pipe may be furnished in lengths of 2, 2y^ or 3 feet. 
No pipe, designed to be straight, shall vary from a straight 
line more than 1 per cent of its length. 

If clay sewer pipe are used, they shall be the best, vitrified, 
salt glazed pipe. Any pipe which betrays in any manner a 
want of thorough vitrification or fusion, or the use of improper 
materials or methods in its manufacture, shall be rejected. All 
pipe shall be smooth and well glazed on the inside y and free 
from broken blisters, lumps or flakes which are thicker than 15 
per cent of the nominal thickness of the pipe, or whose largest 
diameters are greater than 10 per cent of the inner diameter of 
the pipe; and all pipe having broken blisters, lumps or flakes 
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of any size shall be rejected unless the pipe can be so laid us 
to bring all these defects in the top half of the sewer. No pipe 
shall be u^sed having aoiy of the above defects unless they will 
not appreciably weaken the pipe, as laid in the ditch. 

If cement sewer pipe are used, they shall show a uniform, 
dense structure, with clean aggregates, well proportioned as to 
size of materials, and with the grains and pieces of aggregate 
well coated and the pores well filled with good Portland cement. 
There shall be no spots of specially great porosity. Fractured 
surfaces shall show broken pieces of aggregate, firmly bedded 
in the concrete. The general appearance of the material shall 
be at least equal to that of first class gravel concrete, of propor- 
tions: 1 part of first class Portland cement; to 1 of clean, 
coarse, graded sand; to 1 or 2 pebbles^ % in to y^ thickness of 
sewer pipe walls in size. All pipe shall have very smooth and 
impermous inside surfaces, entirely free from patching with 
'^f.ment. 

^1. FIELD INSPECTION OF DRAIN TILE AND SEWEB 
PIPE. The engineer shall very carefully inspect all drain tile 
and sewer pipe, as actually delivered along the ditch for ttse. 
He will ctdl out and mark for rejection all poor pipe, and pipe 
so rejected shall be promptly removed by the contractor. 

12. ORDINARY PIPE LAYING. All pipe laying in or- 
dinary soils, not requiring special foundations, and in which 
strengthening by bedding in concrete is not required by clauses 
8 above and 13 and 14, below, is hereby designated ^^ordhimry 
pipe laying.'^ 

In all '^ ordinary pipe laying^' in hard soils, the contractor 
shall shape the bottom of the ditch approximately to fit the 
lowest 90 degrees {45 degrees each side the center line) of the 
circumference of the pipe, taking pains to secitre an extra firm 
bearing near the outer edges of the 90 degrees strip. Upon the 
concave surface so prepared the contractor shall spread a layer, 
1 to 2 inches thick, of pulvenzed soil, or sand free from pebbles 
larger than y^ inch diameter, and shall firmly bed each pipe 
truly to line and grade thereon. 

Where the bottovv of the ditch is so wet and soft as to enable 
the thorough bedding of the lowest 90 degrees of the pipe witli- 
out the use of the layer of pulverized earth or sand, and still is 
firm enough to afford good, safe support to the pipe and its 
load of ditch filling, the engineer may authorize the omission of 
the layer of granular material, but such authorization shall not 
excuse imperfections of bedding of the lowest 90 degrees of the 
pipe circiimference. 

The space between the pipe and the bottom and slides of the 
ditch shall be COMPLETELY packed FULL, by hand with se- 
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lected earth, and tamped with a light tamper as fast as placed, 
all up to the level of the top of the pipe. The side filling shall 
be carried up as fast on one side of the pipe as on the other. 

The pipe shall then he covered by hand with selected earth to 
a depth of at least 18 inches above the top of the pipe. 

Wherever the factor of safety of the pipe, as calculated from 
the test strength and the loads in clause 7, above, exceeds 2.5, 
the shaping of the bottom of the ditch to fit more than 45 de- 
grees of the bottom of the pipe may be omitted, together with 
the bedding in a layer of granular matenal, and the special 
tamping of the side filling around the pipe. 

13. STRENGTHENING DRAIN TILE AND SEWER 
PIPE TO CARRY HEAVY LOADS BY BEDDING IN CON- 
CRETE^ IN SOLID SOILS. In all parts of ditches in solid 
soils where clause 8, above, requires the pipe to be strengthened 
to carry heavy loads by bedding in concrete, the work shall b6 
done as follows: 

The bottom of the ditch shall be shaped by the contractor to 
fit approximately the lowest 90 degrees {45 degrees each side of 
the center line) of the pipe circumference. Upon the concave 
surface so prepared the contractor shall spread a layer of at 
least 2 inches of soft concrete, stiff enough to sustain the weight 
of the pipe, and the .pipe shall be firmly bedded truly to line 
and grade in this concrete. 

The space between the pipe and the bottom and sides of the 
ditch shall then be completely packed fidl of soft concrete, up 
to a level 15 degrees of the pipe circumference above the mid\- 
height. The thickness of the concrete shall not at any point 
be less than 2 inches. It shall be tamped in place with a light 
tamper. 

Care shall be taken to po^ event the entrance of the concrete 
to the interior of the pipe through the joints, and each joint 
shall be promptly chained on the inside of the pipe, before the 
concrete lias had time to set. 

The concrete used in this method of strengthening pipe shall 
be made of 1 part of Portland cement to 8 parts of gravel, or 1 
Portland cement to 5 sand to 8 broken stone. No pebbles or 
stone shall exceed in size % inches less than the thickness of 
the concrete. 

The above type of construction shall be adopted at such points 
mi the ditch as required by clauses 7 and 8, above, where the 
soil is as solid as average firm clay siib-soil, and the contractor 
shall be paid therefor at the prices bid by him per linear foot for 
different diameters of pipe, for ^'Bedding Pipe in Concrete in 
Solid Soils,'' for which item the engineer shall insert suitable 
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blanks in his ^^form for proposals/' Payment shall be made by 
the county (city), but mil be deducted from the payments to the 
pipe contractor for pipe. 

14, STRENGTHENING DRAIN TILE AND SEWER 
PIPE TO CARRY HEAVY LOADS, BY BEDDING IN CON- 
CRETE, IN YIELDING SOILS. In all parts of ditches in 
yielding soils (sttch as much, quick sand, etc.), where clauses 7 
and 8, above, require the pipe to be strengthened to carry heavy 
loads by bedding hi concrete, the work shall be done as follows : 

The bottom of the ditch shall be finished approximately level, 
with slightly rounded corners, and on this shall be spread a 
layer of soft concrete the full width of the ditch, on which the 
pipe shall be firmly bedded truly to line and grade. The thick- 
ness of concrete below the lowest part of the body of the pipe 
sliall be at least % the inside diameter. 

Soft concrete shall then be built up on each side of the pipe, 
completely filling all the space under and up to it, up to a level 
on each side of the pipe about 15 degrees of the pipe circum- 
ference above the TKiidheight. The width of the concrete shall 
be such as to give a thickness on each side of the pipe at its 
midheight of at least one-fifth the inside diameter. The con- 
crete shall be tamped with a light tamper. 

Care shall be taken to prevent the entrance of the concrete 
to the interior of the pipe through the joints, and each joint 
shall be promptly cleaned on the inside before the concrete has 
had time to set. 

The concrete used in this method of strenthening pipe shall 
be made of 1 part of standard Portland cement to 5 parts of 
good, coarse, clean gravel, or 1 standard Portland cement to 3 
clean, coarse, sand, to 5 broken stone. No pebbles or stone shall 
exceed 5% inches in greatest diameter. 

The above type of construction shall be adopted at such points 
on the ditch as the engineer may direct, and the contractor shall 
be paid therefor at the prices bid by him per linear foot for 
different diameters of pipe, for ^^ Bedding Pipe in Concrete in 
Yielding Soils,'' for which item the engineer shall insert suitable 
blanks in his ^^form for proposals." Such payment shall be 
made by the county (city), and palatial deduction therefor shall 
be made from the payments to the pipe contractor for pipe, but 
only to the extent of the pnces in the pipe laying contract for 
'^Bedding Pipe in Concrete in Solid Soils," as specified in 
clause 13, above. 

15. PROTECTION OF DRAIN TILE AND SEWER PIPE 
FROM INJURY IN THE DITCH FROM FREEZING. No 
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drain tile or sewer pipe shall he exposed to freezing in a ditch , 
during construction, with less tKan 2 feet of ditch filling cover 
over its top. 
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Fig. 40. Some Old Timers in the Cement and Clay Tile Industries. An 
old Flat-bottomed Clay Tile, an Old Cement Tile Molded Around a Willow 
Boot for a Cellar Drain, and an Old Clay Tile Made by Turning on a 
Potter 's Wheel. 
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